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‘this mixing equipment 

provides, among other 
things, a clearance between 
mixtag surfaces of 1/4”. 
This gives more of a 
STRETCHING mixing ac- 
tion than the 1/16” 
to 1/8” clearance em- 
ployed in the 
Model known 
as the “Mc- 
Duffee Bowl 
and Fork’’ 
which we have 
made in recent 
years. 


MIXING ATTACHMENTS 
for your Hobart 


The cut to the right shows 
the Hobart #A120 equipped 
with our Model CT-W-120 
Bowl and Fork including 
water jacket. All bowls of 
this series are made so that 
if purchased without water 
. jacket same may be added 


HOBART A200 Model CT-W-200 Water Jacketed Bowl, Stainless Fork. . 
For HOBART A200 Model CT-200 
For HOBART A120 Model CT-W-120 Water Jacketed Bowl, Stainless Fork . . $90.00 
For HOBART A120 Model CT-120 
For HOBART C10 Model CT-W-10 Water Jacketed Bowl, Stainless Fork. . $80.00 
For HOBART C10 Model CT-10 


Plain Bowl, Stainless Fork. .$65.00 
Piain Bowl, Stainless Fork . . $60.00 


Plain Bowl, Stainless Fork. . $50.00 


NATIONAL MFG. COMPANY 
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RESULTS OF TREMENDOUS NUTRITIONAL 


EXPERIMENT USING VITAMIN ENRICHMENT 


%* Symptoms of 2nd most 


fatal disease reduced 70% 

* Beriberi deaths steadily falling 

* Infantile beriberi virtually 
eliminated 

In an experiment in the Philippines now involv- 
ing over 90,000 persons, conducted with the 
approval of the Philippine government and 
medical associations, and in which Hoffmann- 
La Roche is proudly cooperating, remarkable 
health benefits from rice enrichment have been 
demonstrated. This is reported by Juan Salcedo, 
Jr., M.D., M.A., Director of Nutrition, Institute 
of Nutrition, Manila, P. L. 

With rice the principal food, and beriberi the 
No. 2 cause of death, this new “Battle of 
Bataan” was planned and waged to determine 
whether enrichment of rice would reduce the 
incidence of beriberi. Bataan Province was se- 
lected because of its high beriberi mortality and 
because rice traffic could be readily controlled 
there. (Early investigation showed enriched rice 

. ompletely satisfactory in taste, color, odor, 
palatability and digestibility.) 

“There are indications from raw data avail- 


able from the present clinical beriberi resurvey 
that the beriberi incidence has been reduced by 
70% .”"* Beriberi mortality rates have also stead- 
ily dropped in the “enriched rice” area without 
significant change in the control area. 

This dramatic and ific evidence of the 
benefits of vitamin enrichment should have a 
vital effect in improving the health of peoples 
all over the world. 


WHAT THIS MEANS TO YOU 


While this experiment concerned white rice, it 
proves the benefits to public health through 
enriching white bread and rolls, family white 
flour, and other processed cereals. Any miller 
of wheat, rice, or corn—any baker—any maca- 
roni and noodle manufacturer, who is not now 
regularly enriching his products may well ask 
himself if he can any longer afford to withhold 
such extensive health benefits from his share 
of the consuming markets. 


*Quotation from latest of published interim medical 
reports. Write for reprint. 


ROCHE 


VITAMINS FOR ENRICHMENT 


VITAMIN DIVISION * HOFFMANN-LA ROCHE INC. © NUTLEY 10, N. J. 
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A NEW LANGUAGE 


Yes, you might call it that. Certainly a language very sorely 
needed by all bakers and other users of flour, and by all 


millers. 


A language which, in the hands of the progressive cereal 
chemist, has proven a very fine tool to bring about a better 
understanding of what flour characteristics the baker wants 
and what the miller can supply. 


What new language are we referring to? The FARINO- 
GRAPH-EXTENSOGRAPH-AMYLOGRAPH language, of 


course. 


The language which gives us absorption, dough consistency, 
mixing requirements, mixing tolerance, blending character- 
istics, “strength,” extensibility and resistance to stretching 
or pulling, often called “elasticity”; maturing requirements, 
effect of ingredients on the gluten, relative fermentation 
time and tolerance, malting requirements for best crumb and 
texture, etc. 


An important language? Worth your while to get acquainted 
with? You bet. 


Write us for details. We shall be happy to introduce you 
to this new language. 


BRABENDER CORPORATION, Rochelle Park, N. J. 
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teavening end 
Leavening and Minerail- 
zation — HT Mono Calcium 


Phosphate, Di Calcium Phos- 
kitchen-test 
. Calcium Pyrophosphate, 
Ferric Orthophosphate. 
Services of Monsanto's modern, kitchen- 
test laboratories are yours upon request 


... without cost or obligation. For technical 
information, laboratory recommendations 
or samples of Monsanto food-grade 
phosphoric acid and phosphates — de- (Conede!” United, Montreal 
rived from elemental phosphorus of bet- 

ter than 99.9% purity —contact the 
necrest Monsanto Sales Office or write: 
MONSANTO CHEMICAL COMPANY, MONSANTO 
Phosphate Division, Desk B, 1784 South 
Second Street, St. Louis 4, Missouri. CHEMICALS 


SERVING IMNDUSTRY...WHICH SERVES MANKIN 


MADE FOR EXACTING USES 


COVO Shortenings are all-vegetable, all-hydrogenated, always 
uniform, always dependable. All are made to specifications for 
exacting uses. There is one best suited to your particular needs. 


Covo Covo “s.s.” 
—the outstanding all-purpose —the special shortening for 
shortening for fine cakes and prepared mixes—for biscuit 
icings, cookies and piecrust. and cracker manufacture, and 
Specially refined for heat en- for all other products requiring 
durance in frying. extra stability for long shelf life. 


Covo Super-Mix 


( —the modern emulsifier type shortening that holds extra 


liquids, giving exceptionally fine eating quality and ex- 
tended freshness to all cakes, icings, sweet yeast doughs. 


° General Offices: New York, N.Y. 
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—— CONTINUOUS INSECT CONTROL SYSTEM 


DOUBLE ASSURANCE 
of Clean Grain 


and Highest Quality 
Products .. . 


The “ENTOLETER” Scourer-Aspirator is the latest 
improvement in mill equipment for dry cleaning 
grain. 


This equipment cleans grain in addition to the normal 
“ENTOLETER” function of destroying all forms of 
insect life. It eliminates insect fragments, rodent 
excreta and other contamination. After the grain 
passes through the “ENTOLETER” Insect De- 
stroyer, it is thoroughly scoured in a whirling “tor- 
nado” action, and receives uniform aspiration at the 
most vital point. 


While the light debris is in a state of suspension, dis- 
lodged from the grain, it is caught by suction and car- 
ried into the dust collector and on to feed. 


Write for test data indicating the effectiveness of this 
equipment in actual mill operation. ENTOLETER 
DIVISION, The Safety Car Heating and Lighting 
Co., Inc., 1153 Dixwell Ave., New Haven 4, Conn. 
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FIRST CHOICE FOR MILL FUMIGATION 
DOW 


METHYL BROMIDE 


the penetrating fumigant 


Effective, economical Dow Methyl Bromide 
possesses unusual chemical properties which 
make it especially useful to millers. It pene- 
trates infested spots and materials faster than 
most fumigants—requires no pre-cleanu 
permits a shorter exposure period. In addition, 
it vents rapidly—generally in two hours or 
less—reduces shutdown time. . 


Reputable Dow fumigants, each designed to do 
specific jobs, are backed by more 0 a half 
century of research and technical knowledge, 
o wide use in every field of pest control. In 
Yow laboratories, these materials are con- 
stantly being tested, proved, then improved for 
} top effectiveness. This means quality fumigants—it means recom- 
mendations and precautions you can depend upon. As an indication 
of Dow’s never-ending research and service, we now offer Methyl 
‘ Bromide with Chloropicrin added, on request, for an unmistakable 
i warning odor and tear-gas effect. 

You are invited to write our Fumigant Division for complete infor- 


mation and for the name of a competent fumigator in your locality, 
specializing in mill fumigation. 


Dowfume EB-15, for \ocal machinery and spot fumigations, is designed to be 
used at regular intervals between general space fumigations with Dow Methy! Bromide. 
It is an effective means of controlling all common types of grain and cereal insects in 
5 their breeding places, such as in dead stock, and in processing machines capable of 
t retaining fumigant vapors for reasonable lengths of time. 


When you use fumigants . . . insist on 


DOW DIAMOND quality 


DOW CHEMICAL COMPANY 
MIDLAND, MICHIGAN 


THE 


TO 
AND AGRICULTURE 
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METHYL BROMIDE ¢ DOWFUME 
CHEMICALS 4 
New York + Boston + Philedeiphia Weshington Affente 3 
Cleveland «+ Detrolt + Chicage + St. Levis Heuston 4 | 
ret. Sen Francisco + Los Angeles «+ $ | 
Dow Chemical of Coneda, Limited, Toronto, Canede 


COMBINES 


GOOD HEALTH 
WITH GOOD TASTE 


Sterwin Chemicals 
Products 
OXYLUTE*, An Improved Flour 

Bleaching Agent. 


TRIDEE*, brond of vitomin Ds 
derived from 7-dehydrocholeste- 
rol for fortification of onimol 
feeds. 


DELTAXIN, brand of caiciferol, 

re crystalline vitamin De, for 

of fluid mitk ond 
other food products. 


CRYSTALLINE VITAMIN Ds, for 
fortification of evaporoted milk. 


ACID, to retord brown- 
ing, retain flavor of frozen fruits 


Pure Crystelline Vitemins 
in Bulk 


Vitamin B, 
(Thiamine Hydrochioride) 


Vitamin B, 
Riboflavin) 
Niacin 
Niacinamide 
Calcium Pantothenate 
Vitamin Bg 
(Pyridoxine) 


AMINO ACIDS 


Authoritative surveys of American diets 
have shown a widespread inadequacy of 
thiamine, riboflavin, niacin and iron. 

By enriching flour and bread, millers and 
bakers have made these essential vitamins 
and iron available to practically everyone. 
For easy, accurate, and economical en- 
richment, Sterwin Chemicals offers two 
proven products with industry-wide ac- 
ceptance: 

VexrzaM*, the original starch base en- 
richment mixture, gives minimum increase 
of ash content, disperses uniformly. 
B-E-T-S*, the pioneer enrichment tablet, 
contains ferrous sulfate, a highly assimi- 
—— form of food iron, as an exclusive 


Distributor of the 
Division ot W 
and Vanillin Division of General Drug 


1450 Broadway, New York 18, H. Y. 
Branches and Stock Depots in every section of the country 
*Trade Mark Reg. U. S, Pat. Off. 
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THE NEW 
“LABCONCO” STANDARD MILL 


is made for the cereal laboratory—will bring new efficiency 
and speed to your sample preparation 


Changing ing demands on the Cereal Laboratory have 
on methods and equipment for sample preparation. Here is a mill 
smaller of two new models, which is designed for the average cereal he 
tory. It is new throughout, produces a cut and representative sample, and 
in addition to wheat will prepare shorts, bran and smaller amounts of 
mixes, feeds, soybean, etc. 


A principal feature is the micrometer setting for endless variation of par- 
ticle size reduction. The tool steel cutting plates comnte without actual 
steel-to-steel contact; thus heat is minimized. Its self cleaning abilities, 
too, will amaze you. A card will bring full details on this or the larger 
“Heavy Duty” ta beonco Mill. 


*LABCONCO” STANDARD LABORATORY MILL 
\6 H.LP., 115 or 230 Volts Price, $225.00 


Laboratory Construction Company 


1113-1115 Holmes Street, Kansas City, Missouri, U.S. A. 
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STUDIES OF THE EFFECTS OF POLYOXYETHYLENE 
MONOSTEARATE ON FLOUR AMYLASE ACTIVITY’? 


L. F. MARNETT and R. W. SELMAN 


ABSTRACT 

Polyoxyethylene monostearate increases amylograph maximum paste 
viscosity of wheat flour pastes to a varying degree, dependent upon the 
amount of ester added and the alpha-amylase content of the flour. A 
significant increase in maximum viscosity is produced by polyoxyethylene 
monostearate in the absence of alpha-amylase. The effect is likewise mani- 
fested when the agent is added to pastes made from corn starch and waxy 
maize. 

In amounts less than 0.25% polyoxyethylene monostearate only 
slightly retarded the dextrinization time with alpha-amylodextrin substrate, 
but higher percentages prevented complete hydrolysis even after 30 hrs. of 
incubation. ‘ 

Maltose production from soluble starch solutions was decreased only 
when very high levels of amylase were employed in conjunction with ab- 
normally high percentages of polyoxyethylene monostearate. 


Favor and Johnson (5), (6), have shown that the inclusion of poly- 
oxyethylene monostearate (hereinafter referred to as POEMS), in 
the bread formula decreased the rate at which bread crumb became 
firm in storage. These workers have reported that POEMS has little 
effect on gas production in fermenting doughs and on proofing. 

The experiments reported herein were conducted to determine 
whether POEMS has any influence on amylase activity under condi- 
tions comparable with those which exist in bread making. 

The composition of polyoxyethylene monostearate has been 
described by the aforementioned authors (5). The product used 
throughout the following investigations had an average molecular 
weight corresponding to the nonaethylene glycol monostearate. 


Procedures and Results 
Anker and Geddes (2), Brown and Harrel (3), and Selman and 
Sumner (10) have descriped the utility of the amylograph in studying 


! Manuscript received December 23, 1949. Presented at the annual meeting, May, 1949. 
2 Contribution from the C. J. Patterson Company, Kansas City, Missouri. 
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the pasting characteristics of flour and of various starches. Favor 
and Johnson (5) employed the amylograph to show the stabilizing 
effect of POEMS on starch gels. 

Effect on Wheat Flour Pastes. The amylograph was used to meas- 
ure the effect of POEMS on the paste viscosities of malt-supplemented 
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AMYLOGRAPH MAXIMUM PASTE VISCOSITY (8.U. 
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0.25 0.50 0.75 1.0 s 
POLYOXYETHYLENE MONOSTEARATE ADOED (PERCENT) 


Fig. 1. The inter-relationship of polyoxyethylene monostearate and barley 
malt with amylograph maximum paste viscosity. 


flour since the temperature increase in the amylograph is closely 
related to that which occurs in dough during the initial stages of bak- 
ing, when starch conditioning is a major factor. Maximum paste 
viscosity is regarded as a measure of the starch liquifying effect of 
alpha-amylase. 
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Increments of barley malt were added to a commercially milled, 
non-diastated flour in order to obtain flours of various amylase levels. 
Varying amounts of POEMS were added to the flour-water suspensions 
by pipetting appropriate volumes of a 2.5% aqueous POEMS suspen- 
sion and agitating to obtain adequate dispersion. The amylograph 
used in these studies had a temperature increase of 1.5°C. per min. 
The method used was that of Selman and Sumner (10), in which the 
amylograph is employed to determine starch paste viscosity as a func- 
tion of thermal gelatinization and amylolysis. 
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The results shown in Fig. 1 demonstrate that POEMS increased 
maximum paste viscosity markedly when added in amounts as low as 
0.25%. Equivalent increases in maximum viscosity were produced 
when 0.5% and 0.75% of the ester were present, but the increases with 
larger additions diminished in magnitude with each additional incre- 
ment of POEMS. 

The increases in maximum paste viscosity produced by POEMS 
indicate either alpha-amylase inhibition or modification of the starch 
substrate. 
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352 EFFECTS OF POEMS ON AMYLASE ACTIVITY Vol. 27 
Effect on Non-Diastated Flours. To determine the reason for the 
viscosity increases observed in the foregoing instances, measurements 
were made of the pasting properties of unmalted flour. The amylo- 
graph procedure employed was again that of Selman and Sumner (10), 
except that 65 g. of flour were substituted for the customary 100 g., in 
order that the entire viscosity curve would fall within the recording 
range of the instrument. 

This procedure was repeated in the presence of 20 p.p.m. of mercuric 
chloride to insure complete inactivation of traces of the amylases (4). 
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Fig. 3. Effect of polyoxyethylene monostearate on amylograph paste viscosity of a non-diastated flour 
in the presence of 20 p.p.m. mercuric chloride. 
The results (Figs. 2 and 3) suggest that alpha-amylase inactivation 
was not a major factor, if a factor at all, in the increase in maximum 
paste viscosity observed earlier; the marked effect in the absence of 
alpha-amylase indicated a modification of the starch substrate. These 
curves also indicate that POEMS inhibited granule swelling at tempera- 
tures slightly above the transition temperature. 

Experiments have shown that POEMS precipitates a portion of 
the starch from a corn starch gel. Precipitation of this nature may be 
due to hydrogen bonding of the ester with starch through the terminal 
hydroxyl group or through the ether oxygens of the polyoxyethylene 
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chain. Linear organic molecules containing a polar group have long 
been known to bond with amylose (8) but have not been reported to 
coordinate with amylopectin. Analogous complex formations are 
believed to occur between POEMS and starch. 

Schoch and French (9) have observed that polar organic com- 
pounds possessing both hydrophilic and hydrophobic groupings restrict 
granule swelling and thereby prevent leaching of the amylose. POEMS 
has been shown to exert the same effect on the starch of wheat flour 
in the foregoing studies. This phenomenon may be explained by 
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Fig. 4. Effect of polyoxyethylene monostearate on amylograph paste 
viscosity of commercial corn starch. 


assuming the polar group to be oriented with chains of amylose, or 
possibly with the end branches of amylopectin, near the granule 
surface. Such an increase in hydrophobic character might well ex- 
plain the restriction in viscosity of starch pastes at temperatures 
slightly above the transition temperature. With additional heating in 
the amylograph, however, the granule may become so distended that 
the fatty acid chains no longer are able to restrict hydration and a 
sudden rise in viscosity is manifested. The increase in maximum 
paste viscosity is possibly caused by an actual increase in granule 
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diameter through the addition of polyoxyethylene stearate chains; the 
granule dimensions and mechanical friction are thereby increased. 
The possibility also exists that restricted distention in the early stages 
of gelatinization allows less mechanical breakdown of the granule with 
a consequent higher viscosity in the later stages. 

Effect on Corn Starch Pastes. Thirty-six grams of commercial 
corn starch and 450 ml. of water, with and without increments of 
POEMS, were pasted in the amylograph to determine the effect of 
the ester on the viscosity of corn starch pastes. The results in Fig. 4 
show that POEMS restricted granule swelling in the initial stages of 


- 

a 

> 4.0% POEMS 

° 1.0% POEMS 

2.0% POEMS 
> 

< 

a 


1 i i l 


5 75 65 
TEMPERATURE (0c) 


Fig. 5. Effect of polyoxyethylene monostearate on paste viscosity of 
waxy maize starch. 


gelatinization and increased maximum paste viscosity. The magni- 
tude of the increases in corn starch pastes however, were not as great 
as those observed with wheat flour pastes. 

Effect on Waxy Maize Starch Pastes. As a means of determining 
the effect of POEMS on amylopectin, 32 g. of waxy maize starch were 
suspended’ in 450 ml. of water and gelatinized in the amylograph. 
Increments of POEMS were provided by replacing a portion of the 
water with an equal volume of a 2.5% POEMS suspension. 

As is evident from Fig. 5, POEMS increased the maximum paste 
viscosity of waxy maize starch pastes, but the effect was less pro- 
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nounced than that produced on either corn starch or wheat flour. 
Gelatinization temperatures were unaffected, and the inhibition of 
granule swelling in the early stages observed in the instances of corn 
and wheat starch, was noticeably absent. These results suggest the 
possibility that POEMS may bond with amylopectin, but to a lesser 
extent than with corn or wheat starch. While waxy maize starch con- 
tains traces of amylose, this fraction is apparently tightly bound 
within the granule since a gelatinized waxy maize starch does not 
produce the blue color with iodine. Response to the iodine test be- 
comes positive only after such a paste is autoclaved. It is not likely 
that more than trace amounts of amylose are leached out of the 
granule under the conditions of pasting in the amylograph. While it 
is doubtful that such large molecules as polyoxyethylene monostearate 
could exhibit any appreciable amount of mobility within the intricate 
branching network of amylopectin, the possibility that the outermost 
branches of amylopectin are susceptible to bonding is not so remote. 

Effects of POEMS on Amylolytic Susceptibility of Starch as Meas- 
ured by the Modified Wohlgemuth Technique. The modified Wohlge- 
muth procedure for the determination of alpha-amylase activity 
described by Sandstedt, Kneen, and Blish (7) was employed to de- 
termine the effect of POEMS on amylolytic dextrinization. This 
method measures alpha-amylase activity as a function of dextriniza- 
tion time in the presence of excess beta-amylase. 

Increments of POEMS were added to digestion mixtures in the 
form of 5 ml. aliquots of aqueous POEMS suspensions of appropriate 
strength. The enzyme source was a 2:5 water extract of barley malt 
flour. 

Results of this experiment demonstrated that this technique could 
not be used validly in a study of POEMS-starch systems since no end- 
point was produced which could be regarded as truly achromic with 
the dextrin standard. Dextrinization time could be determined when 
POEMS was present in amounts less than 0.25% (based on the weight 
of soluble starch used in the preparation of the alpha-amylodextrin 
substrate) and little effect on alpha-amylase activity could be de- 
tected at these levels. At higher percentages the dextrin end-point 
was obscured by the presence of a blue POEMS-amylose-iodine 
precipitate which was detectable even after 30 hrs. of amylolysis. 
That POEMS precipitates a portion of the amylose and thus renders it 
not susceptible, or at least much less susceptible, to amylolytic hydro- 
lysis, is established. It was likewise noted that POEMS precipitated 
portions of the alpha-amylodextrin substrate during incubation. 

If the blue amylose-iodine precipitate be allowed to settle to the 
bottom of the test tube, the supernatant may be observed as a dextrin 


: | 
4 
/ 4 
} 
Ne 
| 
| 
: 


356 -FFECTS OF POEMS ON AMYLASE ACTIVITY Vol. 27 


red-brown color and the sample may then be regarded in terms of 
dextrinization. However, no attempt was made to make a quantita- 
tive measure of dextrinization time after settling of the precipitate, 
since the time involved would depend upon the amount of susceptible 
substrate remaining, the quantity of which would vary with the 
percentage of POEMS used. 

Effect of POEMS on Maltose Production. To determine the effect 
of POEMS on production of maltose from starch, the following method 
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Fig. 6. The effects of polyoxyethylene monostearate on maltose production. 


was applied. A mixture of the substances indicated below was incu- 
bated for 15 min. at 30°C. + 0.5°C.: 


(1) Distilled water ) 
(2) POEMS—-indicated increment of 1.0% suspension 
(3) Buffered 2.0% Lintner soluble starch 20 ml. 
(4) Malt extract—indicated strength 1 ml. 


Total 30 ml. 
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POEMS was added to the soluble starch immediately before the addi- 
tion of malt extract. Following the incubation period 10 ml. of 0.5 NV 
sodium hydroxide were added to the sample, and a 5 ml. aliquot taken 
for the determination of reducing sugars. The potassium ferricyanide 
oxidation procedure as described in Cereal Laboratory Methods (1) for 
measuring diastatic powers of malt was used for determining the mal- 
tose produced. Blank tests were made for each series of determina- 
tions. 

The data given in Fig. 6 demonstrate that POEMS affects maltose 
production only when present in high percentages in conjunction with 
very high malt levels. It appears that the observed reduction in 
maltose produced at high levels of malt and POEMS is not attributable 
to enzymatic inhibition but rather to a reduction in the quantity of 
susceptible substrate present. It is concluded from these data that 
maltose production in fermenting doughs is probably unimpaired by 
the levels of POEMS commonly employed. 


Discussion 


Since the foregoing experiments were preliminary in scope, the 
results suggest several aspects which warrant future investigation. 
Without doubt, a study of the effect of POEMS on the individual 
starch fractions warrants additional experimentation. The affinity of 
the agent for amylopectin, both in the presence and in the absence of 


amylose, should be determined. The results of any studies relating 
the starch fractions to the problem of bread staling must be interpreted 
in such a way as to allow for the possibility that the firmness retarding 
mechanism of POEMS involves primarily its action on the entire 
granule. Whether starch gelatinization presupposes complete rupture 
of its structure or only extreme distention has been discussed by 
Schoch (8) who regards the latter viewpoint to be “eminently reason- 
able.” It is doubtful that granules are completely disrupted in the 
baking of bread, and hence this factor must be considered in any study 
dealing with the influence of starch fractions. 
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THE INFLUENCE OF DRYING TEMPERATURE AND 
DRY ICE TREATMENT ON THE QUALITY 
OF IMMATURE WHEAT ' 


Max MILNER AND JOHN A. JOHNSON 


ABSTRACT 


Drying immature hard red winter wheat from a moisture value of 50 
to 14% moisture content at 40 F. caused a reduction in maltose value and in 
alpha- and beta-amylase activity in comparison with grain dried at room 
temperature. The alpha-amylase activity of this very immature wheat 
which was dried at room temperature was much greater than that of similar 
samples harvested subsequently at lower moisture values and handled in 
the same manner. A smaller reduction in maltose value occurred when 
immature grain with 26.5% moisture was dried at 50 F. Dry ice treatment 
had little effect on several of the biochemical properties of wheat although 
germination was damaged when grain moisture was high. Loaf volume and 
crumb grain were affected adversely by dry ice treatment of wheat and 
these effects appeared to be due to the carbon dioxide rather than to the 
low temperature in the grain caused by the dry ice. 


The influence of harvest conditions and storage treatment on the 
milling and baking quality of immature or freshly harvested wheat is 
generally believed to be important, yet meager information on these 
factors exists. Swanson (5) found that an elevated maltose value was 
obtained by drying immature wheat in the shock at low temperatures 
(50°F.). It was desired to re-examine these results and to study 
other chemical and physical factors which might be affected by drying 
conditions. 

Considerable interest existed during the harvest seasons of 1948 and 
1949, particularly in the southwest wheat producing area, concerning 
the use of dry ice (solid carbon dioxide) in stored grain to destroy 
insects and decrease grain temperature and respiration. No informa- 
tion was at hand regarding the influence of such treatment on wheat 
and flour quality and it seemed of interest therefore to initiate studies 
along this line. 


' Manuscript received December 27, 1949. 
Contribution No. 177, Department of Milling Industry, Kansas Agricultural Experiment Station. 
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MAX MILNER AND JOHN A. JOHNSON 


Materials and Methods 


Preparation of Wheat Samples. A plot of hard red winter wheat 
(Pawnee variety) on the Kansas State College Agronomy Farm was 
selected. The weather was warm and sunny throughout the filling and 
ripening period following initiation of harvesting on June 14, 1949, with 
the exception of one light shower on June 22. The sample harvested 
by hand on June 14, contained 50% moisture, that taken on June 17, 
26.5% moisture and a final sample of fully mature grain harvested by 
combine on June 24 had a moisture content of 14.0%. On the day 
prior to the shower on June 22, the moisture content of the wheat in 
the field was 13.0%. 

The following treatments were accorded the various wheat samples. 

Sample No. 1. Wheat heads harvested by hand on June 14 when 
the grain was in the dough stage and contained 50% moisture, were 
threshed with a small nursery thresher. Two portions of this sample 
were treated separately as follows: (a) A portion of the fresh sample 
was spread out immediately to dry on a laboratory bench at about 
80°F. with the aid of an electric fan. (b) Immediately after harvest a 
sample was sealed in a flask and held in a refrigerator at 40°F. for 48 
hours. It then was spread out thinly to dry in the refrigerator at this 
temperature. 

Sample No. 2. The grain obtained on June 17 containing 26.5% 
moisture was dried to 12% moisture on a laboratory bench with the aid 
of an electric fan. Prior to milling, the wheat was reconditioned to 
15% moisture. 

Sample No. 3. Same original grain as Sample 2 was spread out 
thinly for drying in the cold room at 50°F. After five days the grain 
had a moisture value of 14.0%. Prior to milling, this wheat was recon- 
ditioned to 16% moisture. 

Sample No. 4. Same original grain as Sample 2, air-dried in the 
laboratory to 16% moisture and then milled immediately. 

Sample No. 5. Same original grain and drying treatment as Sam- 
ple 4, but before milling, treated with 2% of coarsely granulated dry 
ice in a tape-sealed can insulated with burlap and cardboard. Sample 
was held in this manner for 48 hours before the grain was milled. All 
the following samples which received dry ice treatment were handled in 
the same manner. 

Sample No. 6. Same as Sample No. 5 but treated with 20% of 
dry ice. 

Sample No.7. Original grain with 26.5% moisture was dried in the 
laboratory to 12.5% moisture and treated with 2% of dry ice for 48 
hours, followed by reconditioning to 16% moisture content prior to 
milling. 
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Sample No. 8. Same as Sample 7, but treated with 20% dry ice. 
Sample No. 9. Original grain dried as Samples 7 and 8, recon- 
ditioned to 16% moisture prior to treatment with 2% dry ice. 

Sample No. 10. Same as Sample 9 but treated with 20% dry ice. 

Sample No. 11. Original grain (26.5% moisture) was treated with 
\¢ of its weight in dry ice. The sample then was air-dried for 14 hours 
to 15% moisture and milled. 

Sample No. 12. The original grain was air-dried in the laboratory 
for 12 hours to a moisture content of 18.5% and then stored in a sealed 
glass jar which had been flushed with nitrogen, in the laboratory deep 
freeze unit at —20°F. The jar was removed after 24 days, and after 
being warmed to room temperature the grain sample was air-dried to 
15°% moisture and milled. 

Sample No. 13. Fully mature, field-ripened wheat, harvested June 
24, with a moisture value of 14%. 

Chemical Determinations on Wheat and Flour. The following deter- 
minations were carried out on the wheat samples in accordance with 
methods outlined in Cereal Laboratory Methods, 5th edition: (a) mois- 
ture content, (b) protein content, (c) ash content, and (d) maltose 
value. 

Saccharifying activity and free and total alpha- and beta-amylase 
activity were determined by the methods of Kneen and Sandstedt (3) 
and Kneen, Miller and Sandstedt (2). 

Additional determinations on flour included (a) water absorption 
determined with the farinograph by titration to the 500 unit line, (b) 
maximum viscosity of flour-water paste in the amylograph using 65 g. 
of flour and 450 ml. of water, and (c) baking test employing a com- 
mercial sponge-dough procedure with and without potassium bromate 
(Johnson and Miller, 1). 

Germination values obtained by the normal procedure with and 
without pre-chilling the seed were supplied by the Kansas State Seed 
Laboratory. 

Milling was carried out with the Buhler experimental mill. Extrac- 
tion varied from 68 to 70%. 


Results 


Influence of Drying at Low Temperature on Properties of Immature 
Wheat. The analytical results obtained on the very immature wheat 
(50°% moisture) appear in Table | together with data for field-matured 
wheat harvested later from the same plot. 

The very immature wheat was considerably higher in maltose value 
and in free and total alpha-amylase activity than mature grain. These 
results confirm those of Schwimmer (4). Drying the immature wheat 
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TABLE I 


INFLUENCE OF DryING TEMPERATURE ON MALTOSE VALUE AND AMYLASE 
Activity oF Very IMMATURE WHEAT. (WHEAT CONTAINED 
50% Moisture at HARVEST) 


Saccharifying Beta-amylase Alpha-amylase 
activity! activity! activity* 
Treatment of wheat 


Free Total Free Total Free Total 
Dried at room temper- 
ature 276 0.78 0.82 0.73 0.77 0.46} 0.55 
Dried at 40°F. 133 0.59 0.66 0.58 0.65 0.05 | 0.10 
Field-matured wheat 204 0.63 0.70 0.63 0.68 <0.02 -- 


1 Grams starch converted to sugar at 30° C. by 1 g. sample in one hour. 
2 Grams starch dextrinized by 1 g. sample in one hour at 30° C. in presence of excess beta-amylase. 


at low temperature significantly reduced the maltose value in compar- 
ison with similar wheat dried at room temperature. This latter result 
is quite opposite to that recorded by Swanson (5) who noted a con- 
siderable increase in maltose values when wheat in the shock was dried 
in a room at 50°F. in comparison with the maltose value of the same 
grain which had been dried in the sun. Drying at low temperature 


TABLE II 


BIOCHEMICAL PROPERTIES OF FRESHLY HARVESTE)) WHEAT AS INFLUENCED 
BY DryING AND StToRAGE AT Low TEMPERATURE AND ¢ 
BY TREATMENT wWitH Dry Ice 


Sacchari- Beta- Alpha- 
Germination fying amylase amylase : 
Sample Maltose activity* activity* activity® 
no. Treatment value i 
Reg- 
md Free | Total ) 
% 
2 Dried to 12% moisture at 
room temp., reconditioned 64 0.62) 0 0.70 
3 Dried 50°F 140 66 0.63 | 0.69 | 0.63 | 0.69 | <0.02) <0.02 
4 Dried to 16% moisture 170 81 0.64 | 0.70 | 0.64 | 0.69 | <0.02) <0.02 } 
5 Dried to 16% moisture, 2% 
dry ice 174 62 0.64 — |064| — <0.02} <0.02 
6 Dried to 16% moisture, 20% : 
dry ice 172 71 $4 | 0.65 | 0.72 |0.65| 0.71 | <0.02| <0.02 
7 Dried, 2% dry ice, recondi- 1 
tioned 170 65 76 _ _ 
s Dried, 20% dry ice, recondi- 
tioned 157 61 76 -- 
9 Dried, reconditioned, 2% 
dry ice — |} 0.70) — | 0.69 | <0.02) <0.02 
10 Dried, reconditioned, 20% 
dry ice -- — |069|) — | 0.69) <0.02) <0.02 
il Fresh damp grain, 33% dry 
ice 187 20 30 | 0.64 0.70 | 0.64)| 0.71 | <0.02) <0,02 
s 12 18.5% moisture, 24 days at 
—20°F. — 63 | — |0.64| 0.69 | 0.63 | 0.69 | <0.02) 0.04 
13 Field ripened wheat 204 91 91 | 0.63 | 0.70 | 0.63 | 0.68 | <0.02| <0.02 


1 Samples 2 to 12 inclusive contained 26.5% moisture at harvest. Sample 13 was field ripened 
wheat containing 14.0% moisture. 

2 Grams starch converted to sugar at 30°C. by 1 g. sample in one hour. 
* Grams starch dextrinized by 1 g. sample in one hour at 30°C. in presence of excess beta-amylase. 
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also reduced the saccharifying activity and alpha- and beta-amylase 
activity. These same properties remained high in the grain dried at 
normal temperatures. These values decreased with the normal matu- 
ration process, as indicated by the analyses for the normal field-matured 
wheat harvested at a later date. 

The Properties of Freshly Harvested Wheat and of the Flour and Bread 
Produced from It, After Dry Ice Treatment. The effects on a number of 
wheat properties, of various treatments including drying, storage and 
dry ice treatment are summarized in Table II. 

With one exception, no drastic change in germination or biochem- 
ical properties occurred in immature wheat subjected to the wide vari- 
ety of conditions listed in this table. The maltose value of the sample 
dried at 50°F. was lower than that of the sample dried at room tem- 
perature. This agrees with the similar but larger difference found in 
the previous experiment when the moisture of the grain at harvest was 
considerably greater. 

The effect of dry ice treatment was remarkably inconsequential in 
view of the drastically low temperatures to which this immature grain 
was subjected. Samples containing as much as 16% moisture and 
treated with dry ice in amounts of 20% or more reached temperatures 
well below —75°F., yet no deleterious effect on germination or bio- 
chemical properties resulted. The one significant effect appeared in 
the grain which contained 26.5% moisture and which was treaied with 
one-third of its weight of dry ice. In this one case a sharp decrease in 
germination resulted. A sample of the same wheat containing 18.5% 
moisture and stored for 24 days in a deep-freeze cabinet at — 20°F. 
showed no apparent decrease in germinative capacity. 

Pre-chilling prior to the test for germination generally stimulated 
germination with immatuge wheat. The fully mature grain apparently 
had passed through the dormant period, since the normal germination 
of 91% was not stimulated by pre-chilling. None of these treatments 
affected the activity of the amylase enzymes as indicated by the data 
in the last six columns of Table II. 

Several chemical properties of the flours produced from the wheat 
samples listed in Table I] appear in Table III and the biochemical 
properties are shown in Table IV. The moisture content, protein and 
ash were with few exceptions fairly consistent in this series of flours, 
indicating that the milling procedure was fairly uniform. The maltose 
value (Table IV) tended to decrease when immature wheat was arti- 
ficially dried. Thus the flour from immature wheat which was dried 
to 12% moisture in the room and reconditioned before milling (Sample 
No. 2) had a maltose value of 137, whereas the wheat dried only to 
16% moisture and milled, produced flour with a maltose value of 179 
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TABLE Ill 


CuemicaL ANALYysis oF Flour SAMPLES MILLED FROM WHeat Driep 
AND STORED AT NORMAL AND Low TEMPERATURES, AND 
AFTER TREATMENT WITH Dry Ice 


Treatment Moisture Protein! 
% % % 
2 Dried to 12% moisture at room tem- 

perature, reconditioned 14.1 8.7 OAl 
3 Dried 50°F. 14.7 8.8 0.40 
4 Dried to re moisture 14.9 8.8 0.47 
5 Dried to 16% moisture, 2% dry ice 14.5 9.4 0.51 
6 Dried to 16% moisture, 20% dry ice 14.6 9.2 0.47 
7 Dried, 2% dry ice, reconditioned 14.3 8.8 0.42 
8 | Dried, 20% dry ice, reconditioned 14.5 8.8 0.42 
i) Dried, reconditioned, 2% dry ice 14.8 8.8 0.42 
10 Dried, reconditioned, 20% dry ice 14.6 8.7 0.42 
il Fresh damp grain, 33% dry ice 14.2 9.1 0.59 
12 18.5% moisture, 24 days at — 20°F. 13.8 ao — 
13 Field-ripened wheat 14.5 8.5 0.42 


114% moisture basis. 


(Sample No. 4). The maltose value of flour from wheat dried at low 
temperature was somewhat lower than that from wheat dried at room 
temperature (Sample No. 3). 

Treatment of wheat with dry ice appeared to have little effect on 
the maltose value of the flour milled from it (Samples 5 to 14 inclusive). 
It is notable that the flour obtained from field-ripened wheat (Sample 
No. 13) had the highest maltose value of all. This wheat, as has been 


TABLE IV 


BIocHEMICAL PROPERTIES OF FLOUR SAMPLES MILLED FROM WHEAT DrieD 
AND STORED AT NORMAL AND Low TEMPERATURES, AND 
AFTER TREATMENT WITH Dry IcE 


Sample Maltose| Maximum 
2 | Dried to 12% moisture at room tem- 

perature, reconditioned 137 800 52.6 46 

3 | Dried 50°F. 133 990 54,7 46 

4 | Dried to 16% moisture 179 600 57.4 45 

5 | Dried to 16% moisture, 2% dry ice| 152 960 55.5 47 

6 | Dried to 16% moisture, 20% dry ice | 130 930 53.6 51 

7 | Dried, 2% dry ice, reconditioned 142 960 54.3 47 

8 | Dried, 20% dry ice, reconditioned 155 920 55.0 46 

» 9 | Dried, reconditioned, 2% dry ice 130 950 53.3 46 
10 | Dried, reconditioned, 20% dry ice 144 900 53.6 46 
11 | Fresh damp grain, 33% dry ice 134 --- $1.2 46 
12 | 18.5% moisture, 24 days at — 20°F. -- 960 56.2 48 
13 | Field-ripened wheat 204 865 58.0 44 


114% moisture basis. 
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pointed out, was matured in ideally warm weather with little rainfall 
of consequence. 

Values for amylograph viscosity show considerable uniformity with 
the exception of two samples. Sample No. 2 had a value of 800 units 
which was somewhat below the average of the group, while Sample 
No. 4 milled from wheat which had been dried to 16% moisture but 
otherwise untreated showed a value of only 600. This value appears 
anomalous in view of the other normal properties of the wheat and 
flour. The lowest absorption was exhibited by the flour obtained from 
the wheat stored in the presence of dry ice with 26.5% moisture (Sample 
No. 11). Valorimeter values appearing in the table show little varia- 
tion among the different flours. 


TABLE V 


Loaf volume Crumb grain 
No 2 mg. No mm mg. 
bromate | bromate | bromate | bromate 
2 Dried to 12% moisture at room tem- 
{ perature, reconditioned 2450 | 2625 70 70 
3 Dried 50°F. 2375 2500 50 75 
4 Dried to 16% moisture i 2250 2575 60 80 
5 Dried to 16% moisture, 2% dry ice 2250 2600 50 75 
6 Dried to 16% moisture, 20% dry ice | 2200 2550 a 
| 7 Dried, 2% dry ice, reconditioned 2150 2500 50 75 
8 Dried, 20% dry ice, reconditioned 2225 2500 50 70 
; 9 Dried, reconditioned, 2% dry ice 2225 2475 50 80 
: 10 Dried, reconditioned, 20% dry ice 2225 2525 50 75 
; 11 Fresh damp grain, 33% dry ice 2250 2600 50 75 
| 12 18.5% moisture, 24 days at — 20°F. 2225 2425 70 85 
13 Field-ripened wheat 2000 2225 65 80 


The characteristics of the bread baked from these flours appear in 
Table V. These data show, surprisingly, that the best loaf volume 
was produced by the immature wheat dried at room temperature (Sam- 
ple No. 2), rather than from the field-ripened grain (Sample No. 13). 
A decrease in loaf volume occurred on drying the immature grain at 
50°F. (Sample No. 3) and on milling wheat dried only to 16% moisture 
prior to milling (Sample No. 4). Dry ice treatment caused a small but 
significantly uniform reduction in both loaf volume and crumb quality 
of bread derived from immature wheat (Samples 5 to 11 inclusive). : 
However, loaf volume and internal characteristics were not significantly 

inferior in the bromated loaves from the dry ice-treated grain when 

these were compared with the sample dried at room temperature and 

reconditioned for milling, without preliminary dry ice treatment (Sam- 
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ple No. 2). It is notable that the field-ripened sample (No. 13) yielded 
considerably lower loaf volumes from both bromated and unbromated 
doughs than did the immature wheat regardless of the treatment applied. 
Sample No. 11 is of particular interest since this was obtained from 
immature wheat with 26.5% moisture which had been treated with 44 
of its weight of dry ice for 48 hours, and which reached a temperature 
below —75°F. The gas-retaining properties of this flour were not 
harmed to any greater extent than were those of flour from grain 
treated with dry ice at much lower moisture values, and furthermore 
the bromate response which it exhibited was excellent. However, the 
crumb grain of this sample appeared to be damaged to an extent similar 
to that in the other carbon dioxide-treated samples. 


Discussion 

These preliminary results indicate that drying very immature wheat 
at low temperature (40°F.) causes a decrease in the alpha- and beta- 
amylase activity of the flour. This conclusion is supported by the fact 
that a reduction in maltose value occurred upon drying wheat harvested 
at 50% moisture and at 26.5% moisture at low temperatures. In the 
first case this reduction was shown to be accompanied by differences in 
free and total saccharogenic activity and in free and total alpha- and 
beta-amylase activities. No explanation is offered now for the marked 
difference in the results for maltose value obtained here from those of 
Swanson (5); and further study of this discrepancy is indicated. In 
this connection, furthermore, it was shown that flour from immature 
wheat which had been thoroughly dried prior to reconditioning for mill- 
ing, had a significantly lower maltose value than flour from the same 
grain dried only to a moisture value of 16% before milling. Partial 
explanation of this difference may be found in the data of Schwimmer 
(4) who noted that the solubility of the beta-amylase of immature 
wheat was irreversibly reduced by drying the grain. 

Treatment of immature wheat with dry ice at considerable concen- 
tration (2% and 20%) under conditions which allowed the subliming 
ice to cool the grain to very low temperatures (below — 75°F.) is shown 
in this study to have little influence on the physical and biochemical 
properties of the wheat with the exception of a reduction in germination 
of the sample which contained 26.5% moisture. Experimentation with 
these high concentrations of dry ice and the use of insulation appear 
to be justified since, in commercial applications, grain directly contig- 
uous to dry ice would undergo the same treatment accorded in this 
study to the freshly harvested grain. 

The baking study indicated that dry ice treatment caused a reduc- 
tion in crumb quality as evidenced by coarse and open grain. A small 
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reduction in loaf volume also occurred due to dry ice treatment, indi- 
cating that the gas retention properties of the doughs were affected. 
That these deleterious effects are not attributable primarily to the low 
temperature attained by the grain with dry ice treatment, is seen from 
the fact that this same wheat which had been stored at — 20°F. for 24 
days with 18% moisture and without dry ice treatment, showed crumb 
characteristics at a par with flour from immature wheat which had been 
dried at room temperature without other treatment. The nature of 
the biochemical damage caused by dry ice to the grain as manifested 
by poorer grain and volume characteristics was not indicated in this 
study. This result raises the poscibility that carbon dioxide generated 
by excessive respiration in immature grain might similarly injure wheat 
quality. 

An interesting point in this study is the fact that immature wheat 
harvested at 26.5% moisture and dried in the room yielded bread of 
considerably better loaf volume and crumb grain than the same wheat 
which had been allowed to ripen in the field under apparently ideal 
maturing conditions. The data obtained in this study are, however, 
insufficient to indicate the degree of significance of this fact. 


Literature Cited 


. Jonnson, J. A., and Micier, Byron, S. Studies on the role of alpha-amylase 
and proteinase in breadmaking. Cereal Chem. 26: 371-383 (1949). 
2. Kneen, E., Mitcer, Byron, S. and Sanpstept, R. M. The influence of tem- 
perature on the development of amylase in germinating wheat. Cereal Chem. 
19: 11-27 (1942). 
3. Kneen, E., and Sanpsrept, R. M. Beta-amylase activity and its determination 
in germinated and ungerminated cereals. Cereal Chem. 18: 237-252 (1941). 
. SCHWIMMER, SIGMUND. velopment and solubility of amylase in wheat kernels 
throughout growth and ripening. Cereal Chem. 24: 167-179 (1947). 
. Swanson, C. O. Effect of harvest conditions on a few quality factors in wheat. 
Cereal Chem. 13: 79-90 (1936). 


4 
| 
| 
| 
| | 
| | 
i 
if 
: | 
| 
| 
| 
| 
| 


FACTORS AFFECTING THE COLOR OF MACARONI. 
III. VARIETAL DIFFERENCES IN THE RATE OF 
PIGMENT DESTRUCTION DURING MIXING ' 


G. N. Irvine, C. A. WINKLER, AND J. A. ANDERSON 


ABSTRACT 


The rates of pigment destruction during mixing in distilled water, 0.001 
M cyanide, 30% alcohol, and 0.001 M alpha naphthol have been investigated 

with two series of durum varieties. All varieties behave similarly in the 

various media. The data clearly indicate the different effects produced by 

cyanide and alpha naphthol; cyanide inhibits the enzymic reaction, and 
alpha naphthol acts merely as an anti-oxidant. Good and poor varieties . 
may be characterized by an activity coefficient which is calculated from the 
rate of oxidation, weighted in terms of the pigment available for oxidation. 
For a series of 13 durum varieties of widely differing quality, this coefficient 
gave a good indication of macaroni-making quality. There is good evidence 
that the enzymic activity is characteristic of a variety, but that it is also 
influenced by environment. 


A prior paper (3) in this series dealt with the reaction responsible 
for the destruction of the xanthophyll pigments of semolina during 4 
mixing. Evidence was reported which indicated that the pigment is 
oxidized through a coupled reaction simultaneously with the peroxida- 
tion of unsaturated fats in the dough by the enzyme lipoxidase. Dur- 
ing this work, three major inhibiting agents were found: cyanide ion, 
alpha naphthol, and alcohol. 

The present paper is concerned with two variety studies which were 
made during the more extensive investigation previously reported. The 
first study was made primarily to determine whether or not the charac- 
teristics of the oxidation reaction in water, cyanide, and 30% alcohol i 
were similar for varieties of differing macaroni-making quality. Quite 
large samples of material were available and the reaction was investi- 
gated over a fairly wide range of mixing times. The second series of 
varieties was much more extensive than the first but much less material 
was available. It was felt, however, that the evidence obtained with 
the first series justified using fewer mixing times to obtain the infor- 
mation that was desired from the second series. This series provided 
a better opportunity to investigate the extent to which rate of oxidation 


1 Manuscript received April 21, 1950. Presented at the Annual Meeting, May, 1950. 

Joint contribution from the Grain Research Laboratory, Board of Grain Commissioners for Canada, 
Winnipeg. Manitoba, and the Department of Physical Chemistry, McGill University, Montreal, E.2.- 
Paper No. 106 of the Grain Research Laboratory and No. 281 of the Associate Committee on Grain 

° Research (Canada). Condensed from part of a thesis presented to the Faculty of Graduate Studies of 
McGill University in partial fulfilment of the requirements for the degree of Doctor of Philosophy. 
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is a varietal characteristic and also to contrast the behavior of cyanide 


and alpha naphthol as inhibiting agents. 
Materials and Methods 


The first series of varieties comprised the named varieties Carleton, 
Mindum, Pelissier, and Golden Ball, and two plant breeder's hybrids 
designated as Bald Medeah X 1317 and 1742. Each variety repre- 
sented a composite made up from material growa at the same group of 
experimental stations in Western Canada. But two of the composites 
represented the 1945 crop and four the 1946 crop. 

The second series contained most of the durum varieties which have, 
at one time or another, been grown in Western Canada; namely, the 
standard variety, Mindum, the recent varieties Carleton and Stewart, 
one of the old red durum varieties Pentad, and nine other varieties (see 
Table III). Each variety sample was composited from material grown 
in 1946 at 11 experimental stations across Canada. This series was 
grown for special tests by the Dominion Laboratory of Cereal Breeding 
and only small samples could be spared for this investigation. 

The material in both experiments was processed, as outlined in a 
previous paper (3), by the disc method of Cunningham and Anderson 
(2); 31% absorption was used for samples mixed with distilled water, 
cyanide or alpha naphthol solutions, and 33% for samples mixed with 
30% alcohol. Pigment content was determined on the ground discs by 
the standard method (1) employing the butyl alcohol solvent in con- 
junction with an Evelyn colorimeter. 


Results and Discussion 


Series I. Samples were mixed for intervals from one to ten minutes 
in distilled water, 0.001 N potassium cyanide, and 30% alcohol; the 
reaction curves are shown in Fig. 1. In general, the varieties all yielded 
similarly shaped curves for a particular treatment. In distilled water, 
all varieties with the exception of Carleton yielded a three-stage curve. 
The Carleton sample exhibited an induction period between the first 
and second stages which previous evidence (3) has shown to be an 
absorption effect; studies of other samples of Carleton have shown that 
this behavior is not typical of this variety, but is probably typical of 
all varieties at some particular absorption level depending on the sample. 
With 0.001 N cyanide, all varieties exhibited a three-segment curve, 
five out of six showing the slight reversal of the reaction during the 
third stage. With 30°, alcohol the curves show only two segments; 
for Carleton the slope of the second segment is slightly negative, and 
for two of the other varieties there is also some reversal at the longer 
mixing times. 
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Discussion of the results will be limited to the first two segments of 
the reaction curves as it is improbable that the reaction ever proceeds 
beyond this stage during macaroni processing. The rapid initial por- 
tion of the curve has been called the “initial reaction,” the following 


MEOCEAH 


MIXING TIME, MINUTES MIXING TIME, MINUTES 


Fic. 1. Loss of pigment during mixing in distilled water (W), 0.001 N cyanide (C), 
and x % alcohol (A) for six varieties of durum wheat. 


zero order segment, the “mixing reaction."" Table I gives the rate of 
the initial reaction for each sample in each of the three media as de ter- 
mined from the reaction curves; the percentage inhibition by cyanide 
and the percentage inhibition or acceleration by alcohol are calculated 
from these rates. 
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Comparison of the initial pigment concentration with the rate of 
the initial reaction (Table 1) shows that the rate of reaction is largely 
independent of pigment level. The rate of the initial reaction varies 
over a considerable range—from 0.61 to 1.87 p.p.m. per minute, a factor 
of three; for all but one sample, which is unaffected, cyanide inhibits 
this rate from 24 to 42%. For five samples out of six, alcohol accel- 
erates the rate, in some cases as much as 66%; one sample is unaffected. 

Table II lists data for the mixing reaction. The rate of the mixing 
reaction is largely independent of pigment level and varies, less widely 
than the rate of the initial reaction for the samples studied, from 0.235 
to 0510 p.p.m. per minute, a factor of slightly more than two. Cyanide 
inhibits the rate of the mixing reaction for five of the six varieties as 
much as 53%; overall inhibition of the reaction to ten minutes mixing 
by cyanide is marked for all of the varieties tested, and varies from 


TABLE I 


INHIBITION OF THE INITIAL Reaction By 0.001 M 
CYANIDE AND BY 30% ALcoHoL 


Rate of initial reaction Inhibition of initial 


p.p.m. per minute reaction, % 


. 0.90 
Pelissier 1.61 
Carleton 5.39 1.11 0.75 64* 
Golden Ball 5.98 1.80 1.04 2.49 42 38* 
1742 4.02 1.87 1.20 1.88 36 0 
B. Med. X 1317 1.11 1.63 


Mean 


* Percentage acceleration. 


27 to 52%. Inhibition of the mixing reaction by 30% alcohol is very 
marked in all cases, ranging from 67 to 100%, and the net balance 
between acceleration of the initial reaction and inhibition of the mixing 
reaction after ten minutes of mixing shows an overall inhibition in all 
cases, varying from 17 to 60%. 

This experiment indicates two things. Firstly, the characteristics 
of the oxidation reaction in each of the three media are, in general, the 
same for durum varieties of widely differing macaroni-making quality ; 
the differences in quality show up essentially as differences in the rates 
of various phases of the reaction. Secondly, it is evident, from a com- 
parison of the rates of reaction in cyanide and 30% alcohol that although 
both media effect an overall inhibition of the reaction, the mechanism 
of inhibition is quite different. This difference has been discussed in a 
previous paper (3). 
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Initial | 
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Water Cyanide Alcohol Cyanide Alcohol | 
+e a | 4.90 | 1.25 | 0.85 | 1.61 | 32 | 29* 
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INHIBITION OF THE MixinG Reaction By 0.001 M 
CYANIDE AND BY 30% ALCOHOL 
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Rate of mixing reaction 
D.p.m. per minute 


Inhibition of 
mixing feaction, 


Cyanide} Alcohol 


Mindum 
Pelissier 
Carleton 
Golden Ball 
1742 


Mean 


B. Med. X 1317 


0.310 | 0.147 | 0.062 
0.310 | 0.150 | 0.015 
0.300 | 0.147 | —0.033 
0.501 | 0.527 | 0.150 
0.330 | 0.369 | 0.095 
0.500 | 0.400 | 0.040 


0.071 


53 80 
$2 95 
51 100 

70 
12° 74 
20 92 


0.001 M alpha naphthol. 


* Percentage acceleration. 


TABLE Ill 


Series II. These samples were processed at two mixing times, one 
minute and four minutes, with distilled water, 0.01 N cyanide, and 
Rates of the initial and mixing reactions 

were calculated from pigment losses for zero to one minute and for one 

to four minutes. The rates of the initial reactions in the three media, 

and inhibition as per cent and in terms of its pigment equivalent, for 
cyanide and alpha naphthol, are given in Table III; the rate of the 3 
mixing reaction in the three media, with the percentage inhibition by 
cyanide and alpha naphthol, the overall inhibition, and a series of 
activity coefficients, are given in Table IV. 


INHIBITION OF INITIAL REACTION By 0.01 N CYANIDE 
AND 0.001 M NAPHTHOL 


Rate of initial reaction Pigment equivalent 
Initial (p.p.m. per minute) of inhibition (p.p.m.) 
Variety i t 
(p.p.m.) 
Water |Cyanide | a-naphthol | Cyanide} a-naphthol a-naphthol 
Carleton 4.91 0.82 | 0.56 0.00 32 100 ; 
Mindum 4.40 | 0.82 | 0.39 0.00 52 100 0.82 
Goose 4.20 | 063 | 0.38 0.00 40 100 0.25 0.63 
Arnautka 3.70 | 0.72 | 0.72 0.13 0 82 0.00 0.59 
Stewart 4.92 0.89 | 0.43 0.15 52 83 0.46 0.74 
Kubanka 4.14 1.13 | 0.55 0.24 51 79 0.58 0.89 
Kahla 4.91 1.14 | 0.75 0.22 34 81 0.39 0.92 
Pelissier 4.99 1.37 | 0.78 0.45 43 67 0.59 0.92 
Acme 2.86 | 0.66 | 0.36 0.06 45 91 0.30 0.60 
Monad 3.32 | 0.77 | 0.46 0.00 40 100 0.31 0.77 
Pentad 3.29 | 0.84 0.55 0.21 35 75 0.29 0.63 
Bald Medeah 4.17 1.12 | 0.96 0.43 16 61 0.18 0.69 
Golden Ball 4.51 1.71 | 1.54 0.91 10 47 0.17 0.80 


initia | bition, 
Variety pigment me 
Water | Cyanide| Alcohol | Cyanide | Alcohol Pil 
4.02 | 27 | 41 
4.57 | 52 | 23 
5.39 48 | 41 ah 
5.98 29 | 17 | 
4.02 | 31 | 29 
30 32 

2 
— 4.90 | 0.365 | 0.284 | mmm 22 | 80 | 37 | 3 if 
} 4 
| 
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With these data, certain relationships between each phase of the 
reaction and the various factors have been examined and are discussed 
below. 

The Initial Reaction. A plot of the initial pigment concentration 
against the rate of the initial reaction indicated that these factors are 
largely independent; for eight of the thirteen varieties the rates were 
approximately the same, while for the remaining five the rates were 
somewhat higher but did not reflect the initial pigment concentration. 
The rate in cyanide followed the rate in water to some extent, the 
correlation coefficient being significant beyond the 1% point; however, 
this was due almost entirely to the effect of the same five varieties 
which showed a higher rate in water. The rate in alpha naphthol also 
followed the rate in water, the correlation being highly significant and 
again, due largely to the same five varieties. 

Comparison of the percentage inhibition of the initial reaction by 
cyanide and alpha naphthol clearly illustrates the difference between 
the action of these two inhibiting agents; cyanide inhibition varies from 
0 to 52% (average value 35%) while alpha naphthol inhibition varies 
from 47 to 100% (average value 82%). It was suggested in the pre- 
vious paper (3) that cyanide acted on an activating system rather than 
directly on the enzyme; this would reduce the effectiveness of the 
enzymic oxidation but should not reduce it to zero. Alpha naphthol, 
on the other hand, acts as an antioxidant and thus should largely pre- 
vent oxidation of the pigment until the added alpha naphthol is ex- 
hausted. This difference is shown more clearly by comparing the 
pigment equivalents of the alpha naphthol and cyanide inhibition, these 
vary from 0.59 to 0.92 p.p.m. (mean, 0.76 p.p.m.) for alpha naphthol, 
and from 0.00 to 0.59 p.p.m. (mean, 0.32 p.p.m.) for cyanide. Although 
the rate in water varies threefold, from 0.63 to 1.71 p.p.m. per minute, 
the pigment equivalent of the alpha naphthol inhibition is roughly con- 
stant about the mean value of 0.76 p.p.m. In contrast, a plot of the 
cyanide equivalent against the rate in water shows a wide random 
scatter with no apparent trend. 

The Mixing Reaction. A plot of the initial pigment concentration 
against the rate of the mixing reaction indicated that there is no rela- 
tion between these two factors. The rate of the mixing reaction fol- 
lowed the rate of the initial reaction reasonably well; the correlation 
between these two was 0.87 (19% = 0.68). This would be expected on 
the basis of the hypothesis proposed for the mechanism of the reaction 
(3) if all samples had been milled and stored under similar conditions. 

For ten of the thirteen samples, the rate in cyanide followed the 
rate in water very closely; two varieties, Golden Ball and Stewart, 


| j 
| 
5 


Sept., 1950 G. N. IRVINE, C. A. WINKLER, AND J. A. ANDERSON =. 373 


appeared to be more sensitive to cyanide, while Kubanka was less so. 
These differences did not appear during the initial reaction. 

The rate in alpha naphthol appears to be largely independent of the 
rate in water. 

Inhibition by cyanide is more pronounced during the mixing reac- 
action than during the initial reaction, varying from 20 to 100% (aver- 
age 52%). This behavior contrasts with that of alpha naphthol which 
affects the mixing reaction much less than the initial reaction, inhibition 
varying from 59% to three cases of slight acceleration (average 14%); 
it appears that the amount of alpha naphthol added just prevents the 
initial reaction but is exhausted early in the mixing reaction. This 


TABLE IV 


INHIBITION OF MixinG Reaction By 0,01 N CYANIDE 
AND BY 0.001 M ALPHA NAPHTHOL 


Rate of mixing reaction Inhibition Overall inhibition 
(p.p.m. per minute) % % 
Variety 


Water | Cyanide) a-naphthol | Cyanide! a-naphthol | Cyanide} e-naphthol 


Carleton 0.17 | 0.07 " 59 
Mindum 0.17 
Goose 0.18 
Arnautka 0.16 
Stewart 0.27 
Kubanka 0.20 
Kahla 0.27 
Pelissier 0.31 
Acme 0.20 
Monad 0.24 
Pentad 0.23 
Bald Medeah | 0.31 
Golden Ball 0.44 
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* Slight acceleration. 


contrast provides additional support for the hypothesis suggested to 
account for the behavior of these inhibiting agents. 

From the data on overall inhibition, it is clear that in general cyanide 
has a marked inhibiting effect on the reaction responsible for pigment 
destruction and that the same is true of alpha naphthol. 

The Activity Coefficient. The activity coefficient (last column of 
Table IV) is obtained by dividing the pigment destroyed in the interval 
from one to four minutes of the mixing reaction by the amount remain- 
ing at the end of the initial reaction (after one minute). It appears 
to be a useful measure of the potential contribution of the yellow pig- 
ment factor to macaroni quality. No suggestion is made that this fig- 
ure gives a reliable index of macaroni-making quality since it takes no 
account of the brown pigment, and therefore, gives a reasonable meas- 
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ure of relative macaroni-making quality only when the amount of 
brown pigment is small. The claim for the activity coefficient is that 
it indicates relatively how much pigment will remain after a given treat- 
ment, and provides a useful index of enzymic activity. 

In spite of the large differences in initial pigment content among the 
varieties studied, the coefficient gives an excellent indication of the 
enzymic activity as well as a reasonable indication of the amount of 
pigment remaining after four minutes of mixing. The correlation be- 
tween activity coefficient and pigment content after four minutes mix- 
ing, is 0.80 (1% = 0.68). For this series, then, in which environmental 
effects were largely eliminated, the activity coefficient is characteristic 
of the varieties and could be very useful in distinguishing between good 
and bad varieties. It is interesting to compare these activity coeffi- 
cients with others calculated for different samples of some of these 
varieties during the course of this whole investigation: 


Pelissier 0.23 Carleton A 
(variation 22%) (variation 8%) 
26 


’ Golden Ball 0.49 Mindum b 
f (variation 18%) 0.42 (variation 240%) 0.34 
0.48 0.10 


; These data emphasize a point which has been noted for many years 
in testing plant breeders’ varieties: Mindum is a rather unstable vari- 
ety, being as good as the best varieties in some years, but being con- 
siderably poorer in others. Although no similar data on the variation 
of the activity coefficient are available for Stewart, experience with 
other varietal series has indicated that this variety is also more unstable 
than Carleton, although not to as marked a degree as Mindum. It is 
also interesting to note the effect of mixing good and poor varieties. 
Although the data at present are very limited, it has been found that a 
mixture of about 50% Golden Ball with 50% of the best varieties yields 
semolina which has an activity coefficient of 0.35 and gives a reaction 
it curve typical of Golden Ball alone. A more extensive investigation of 
this phenomenon is planned for the near future. 
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STUDIES WITH DOGS FED FLOUR TREATED 
WITH AMMONIUM PERSULFATE' 


AARON ARNOLD and Frans C. GoBLe 


ABSTRACT 


Dogs were fed diets which contained high levels of untreated flour or of 
flour treated with 0.15% or 1.0% ammonium persulfate for periods of 
time up to 16 months. Observations were made throughout of gross ap- 
pearance, weight gains, kidney dye clearances, blood picture (hemoglobin, 
total red and white cell counts, and differential white cell count including the 
polymorphonuclear neutrophiles, eosinophiles, lymphocytes, and mono- 
cytes), followed by examination of the thoracic and abdominal viscera, the 
endocrines, the central nervous system at autopsy, and microscopic study of 
the organs. On the basis of these studies it is concluded that ammonium 
persulfate, even in amounts which are more than 200 times those which 
would be present in commercially treated flour, is an innocuous ingredient in 
the diet. 


As a result of Mellanby’s report (8) on the toxicity of nitrogen 
trichloride-treated flour, great interest has been focused on possible 
undesirable effects of other agenis used for treating flour. As indi- 
cated in a recent review (1), several investigators have shown that only 
nitrogen trichloride, of all agents thus far tested in short-term feeding 
trials, exerts any deleterious action. 

This communication gives the results obtained on dogs when am- 
monium persulfate was used. Reports (6) indicate that this agent is 
used widely in Europe and at one time most of the flour in England 
was treated with it. Tests with dogs are practically mandatory in 
view of the fact that observations with this species first brought to 
light an unfavorable effect due to the use of nitrogen trichloride for 
flour treatment. Also, dogs have proven to be the species most sensi- 
tive to the effects of the toxic agent produced by the nitrogen tri- 
chloride treatment of flour. 


Materials and Methods 


Diets. The composition of the diets, patterned after those of 
Mellanby (8), was given in detail in a previous paper (2). In addition 
to two dogs fed control diets, six dogs were fed a diet which contained 
flour with 0.15% or 68 g. of ammonium persulfate per cwt (45.4 kg.), 
and four dogs were fed a diet which contained flour with 1.0% or 454 g. 
of arnmonium persulfate per cwt (45.4 kg.). 


1 Manuscript received February 23, 1950. 
Contribution from Sterling-Winthrop Research Institute, Rensselaer, N. Y. 
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The flour and yeast components of the diet were steamed 90 
minutes before feeding. Thus, the persulfate exerted its action upon 
the flour prior to its ingestion. As observed by Kent-Jones and Amos 
(6), tests (4) indicated no free persulfate at the end of the steaming 
period. The end product of persulfate appears to be ammonium 
sulfate, an agent routinely added to bread doughs as a yeast food. 
Diets containing nitrogen trichloride-treated flour which had been sub- 
jected to steaming in the same way were manifestly toxic to dogs (8). 

Dogs. In all, 12 dogs were used in this study. Seven of them had 
previously not been used for any tests. However, the tests which are 
given below on five of them, numbers 9, 10, 12, 15, and 17, represent 
further study on dogs earlier used and reported (2). In that study, 
the dogs had been subjected to several successive short-term feeding 
trials of diets which contained one or another of several flour maturing 
agents. Thus, five of the dogs had experienced serious untoward reac- 
tions due to the ingestion of nitrogen trichloride treated flour prior 
to their use in this portion of the study. 

Organ Function Tests. To provide additional and more refined 
methods of confirming the apparent well-being of the dogs, several 
tests, such as are used for humans in clinics, were performed at ap- 
: proximately monthly intervals on the dogs. 

The test (9) for kidney function was based on measuring the 
capacity of the kidney to clear phenolsulfonphthalein from the blood- 


f stream. The dye was injected intramuscularly into the dogs and the 

, amount present in urine samples taken by catheterization at 4% and 

: j 1 hour after injection was estimated colorimetrically and compared 
- with the amounts injected. Ten readings were obtained on the dogs 


carried through the entire experimental period. 
Supplementary to this, six observations were made during the 
latter 12 months of test on the amount of urinary protein precipitable 
by phosphotungstic acid (10) as another measure of possible renal 
damage. In general, only minute amounts of protein, 0.2g per | of 
4 urine, are consistently expected. 
Hematological Tests. The 17 hematological examinations of the 
dogs performed at approximately monthly intervals in all cases com- 
prised the following: Total red and white cell counts, hemoglobin con- 
tent, and differential white cell count. The normal values for each of 
the above items are known from numerous studies reported in the 
literature, but collateral studies on control dogs in our own labora- . 
tories have been made throughout the course of these investigations. 
Post-mortem Examinations. Five of the dogs were sacrificed by 
rapid intravenous injection of Evipal Sodium rather early in the tests 
(after 22 weeks of test for four of the dogs and six weeks of test for the 
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control dog). The remaining dogs were sacrificed at the termination 
of the studies after approximately 16 months of test. A gross examina- 
tion of the thoracic and abdominal viscera, the endocrines, and the 
central nervous system was made. Material from the various organs 
was fixed in 10% formalin for subsequent histological examination. 
Paraffin sections of the following organs, stained with hemalum and 
eosin, were examined microscopically: heart, lungs, liver, spleen, 


Dog 47 


Control Dogs 


Dogs Fed Flour with 
0.15 % Persulfate 


Body Weight in Kilograms 


~ Dogs Fed Flour with 
LO % Persulfate 


30 40 50 60 70 
Weeks on Test 


Fig. 1. Weight records of dogs fed diets containing flour treated with none, 0.15%, or 1.0% am- 
monium persulfate. The arrows indicate the times at which the dogs were sacrificed. Dogs 47, 25, 26, 
23, 27 and 28 were fed the indicated diets without any premedication control period. Dogs 9, 10, 12, 
15, and 17 were fed the indicated diets subsequent to a 90 day feeding trial of essentially the same 
regimen except that the flour had been treated with 0.033% ammonium persulfate (2). 


kidneys, pancreas, stomach, intestine, lymph nodes, thyroid, adrenal, 
pituitary, brain (including cerebral cortex, basal ganglia, hippo- 
campus, mammillary bodies, cerebellum, pons), spinal cord, and 
gonads. In addition, sections of the central nervous system were 
stained by the following methods for the demonstration of particular 
structures: Mallory’s (7) phosphotungstic acid hematoxylin for glia 
fibers, cresyl violet for Nissl bodies, Bodian's protargol for axis cylinders 
and Weil's (11) method for myelin sheaths, 
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TOXICITY STUDIES WITH PENSULFATE 


Results 


Weight Records. It will be noted from Fig. 1 that the dogs were 
fed the test diets for 16 months. For five of the dogs, this portion of 
the study was subsequent to the part reported earlier (2) so that, in all, 
these five were on test for two years. While a diet high in flour is not 
particularly well suited to dogs, it is apparent that they were main- 
tained satisfactorily on it. The presence or absence of persulfate 
treatment obviously did not affect their weights even after extended 
periods. In addition, the weights of the control dogs did not appear 


Minute Excretions come 


o OF Dogs Fed Flour with Dogs Fed Flour with 
sob 0.15% Persulfate 10% Persulfate 
° 
60 Minute Excretions —— 
Weeks on Test 


Fig. 2. Kidney function test by dye excretion of dogs fed flour containing diets. Solid lines are 
a\ erage values for normal animals and dotted lines are upper and lower limits (+ 2 standard deviations) 
of normal values in our colony as determined in more than 50 dogs. Key to dog numbers: Control 
doge—open circle (©) 47, solid circle (@) 48; I fed flour with 0.15% persulfate—open triangle ( A) 
9, solid triangle ( 4) 12, open square (J) 15, solid square (§§) 17, open circle (©) 25, solid circle (@) 26; 
Dogs recy with 1.0% persulfate—open circle (©) 10, open triangle (4) 23, solid circle (@) 27, open 
square ((()) 28. 


to differ materially from the test dogs, further indicating a lack of 
difference in the nutritive value of the diets. 

Kidney Function Evaluated by Dye Excretion. The means + 2 s.d. 
of the kidney function results observed on over 50 normal dogs in our 
colony have been indicated for reference. The mean excretion at 
30 minutes was 28 + 9.2% and, at 60 minutes 50 + 12.2% (means + : 
s.d.). 

From the data given in Fig. 2 it may be seen that the excretions 
fall within the normal range as here defined. The two high % hour 
values observed early in the test on two of the dogs cannot be regarded 
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TABLE II 


SuMMARY (MEANS + S.E.) OF HEMATOLOGICAL OBSERVATIONS ON THE Docs Fep 
Diets WHICH SUPPLIED EITHER UNTREATED FLouR or FLovr TREATED WITH 
0.15% or 1.0% or Ammonium 


Red White | 
| " Neutro- | Eosino- | Lympho-| Mono- 
og No. Hemo- blood blood 
“level | | readings | globin | celle | celle | | io | | Sue 
x10 


None | 47 | 12 6.7 | 264 | 142 13 | 39 


| op 4 |137 | 67 | 108 | 70 06 | 28 0.3 
#45 | +.3 +£1.0 | +.3 +.1 +.2 | +.1 
~ | 3m] 4 | 148 | 61 10.9 5 2.0 | 2 
+2.2 | +.2 +.2 | +l 
4 bea. | | 7.5 05 |28 | 
+.2 +.1 +1.5) +.9 +.1 +.7 | +.1 
“ 38! 4 1/148 | 59 |195 | 13.0 11 46 | 07 
“ 40 | 4 | 164 | 62 | 15.2 | 80 28 | 40 5 
| | 2.7) $1.2) +7 | 49 | 41 
| 187 ' | 101 | 7.2 03 | 19 0.6 
+.0 + +1.5 +1.3 +.1 +.2 +.2 
16.0 | 68 | 130 | 69 12 | 03 
+3 | +2 | +8 | +A +.1 
12 | 17 | 148 | 69 117.7 | 1414 10 | 52 | 
| +.3 +.2 | +1.1 +.8 +.1 +4 | +.1 
§ 

| 16.0 | 7.4 | 116 | 62 15 | 3.7 0.4 
| +4 +.3 +1.1 +.8 +.2 +.3 +.1 


¥ Bee 17 15.4 8.0 14.1 8.6 1.3 5.1 0.5 
+.2 +3 | +7 +.6 +.5 +.4 +.1 

5 13.3 5.4 15.2 9.1 0.7 5.1 0.3 

+.4 +3 | 42.8| +24 +.1 +1.0 +.1 


6.7 11.3 | 8.0 0.6 2.3 0.4 
#4 | +1.0 +.1 +.3 +.1 


7.3 12.7 | 84 0.7 3.4 0.3 
+3 | +7 +.5 +.1 +.2 +.1 


- 
uw 
— 


16.3 6.3 6 3.8 iZ 

+.5 +5 | 42.0) +1.5 +.2 +.8 +.1 
17 17.4 7.5 12.3 8.2 0.4 3.3 0.5 

+.3 +3 | +.7 +.5 +.2 +.2 +.1 7 
5 14.5 6.2 12.0 9.5 0.1 2.4 0.2 

+8 +3 | 42.3) +18 +.1 +.6 +.1 


' Hematological readings on six control dogs which were not otherwise associated with this study. 
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as significant evidence of poor function in view of the normal values on 
the same dogs subsequently. 

Kidney Function Evaluated by Urinary Protein. The data on the 
urinary protein excretions are given in Table I. It may be seen that 
there are no consistent trends of progressive increase of urinary protein 
output and that the means of the three groups overlap so that no 
evidence of kidney derangement can be ascribed to any of the dietary 
treatments. Whether catheterization of the dogs in taking the samples 
contributed to the wide range of values obtained cannot be indicated 
with certainty, though it is believed that this may have influenced the 
results to some extent. 

Urinary Calculi. The control urine samples were examined for 
sediment. The samples were by no means free of casts, bacterial 
cells, ‘‘triple phosphates”’, etc. but these were not present to a marked 
extent in any of the dogs, nor were any of the three groups of dogs 
distinguished by any differences. Also, consistent progressive in- 
creases in urinary sediment in the dogs could not be established. Here 
again, irritation due to catheterization probably affected the findings. 

Hematological Examinations. The hematological findings were 
calculated so as to yield an individual value for each dog (mean + s.e.). 
For added comparative purposes, the readings on six control dogs, in no 
way connected with these studies, have been included in Table II. 

It may be noted that, in the elements given in the table, there are 
no trends which can be correlated with the ingestion of ammonium 
persulfate treated flour. There is as much variation among the dogs 
within a group as among the dogs between groups. Thus, this method 
of following the well-being of the animals disclosed no adverse findings. 

Post-mortem Examinations. Neither gross nor microscopic exam- 
ination of the organs of the dogs on test revealed any tissue changes 
attributable to the ingestion of the ration which included ammonium 
persulfate treated flour. No conditions were found which did not also 
occur in the control dogs fed untreated flour. Parenthetically, it may 
be noted that a careful study did not disclose any lesions in sections of 
the tissues of two dogs sacrificed while showing symptoms of running 
fits induced by nitrogen trichloride treated flour. 


Discussion 


Under conditions of test which were far more rigorous than those 
which lead to running fits in dogs fed nitrogen trichloride treated flour, 
dogs fed ammonium persulfate treated flour show no ill effects. Thus, 
dogs fed nitrogen trichloride treated flour at commercial levels of 
treatment (8) developed running fits in a matter of two to four weeks. 
In contrast, dogs fed ammonium persulfate treated flour for periods up 
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to 16 months at levels which were approximately 200 times the level of 
treatment required to achieve maturing action evidenced no adverse 
reaction as judged by weight maintenance, kidney dye clearance, 
urinary protein outputs, hematological examinations, post-mortem 
examinations, or by tissue section study. These observations are in 
agreement with our own earlier preliminary studies (2) and those of 
Bentley et al. (5). 

These observations are in accord, also, with results on rats fed 
flour containing ammonium persulfate and bread baked from flour 
treated with ammonium persulfate (3). And finally, this agent has 
been used extensively on flour intended for human consumption in 
Europe as indicated by Kent-Jones and Amos (6). 

On the basis of the studies summarized here we may conclude that 
ammonium persulfate is an innocuous ingredient when used for the 
maturing of flour. 
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BREAD LOAF VOLUME AND PROTEIN CONTENT 
OF HARD RED SPRING WHEATS ' 


C. C. Firrecp,? Ray WEAVER,’ AND J. F. Hayes * 


ABSTRACT 


The relation between loaf volume and flour protein is reported for 589 
samples representing ten varieties of hard red spring wheat grown for four 
crop years under a wide range of climate and soil conditions. A rich formula 
containing milk solids, shortening, and potassium bromate in conjunction 
with optimum mixing time and water requirement was employed in the 
bread-baking tests. 

The relation between loaf volume and flour protein for each variety was 
linear between the limits of protein encountered, approximately 8.5 to 
18.0%. The regression lines for loaf volume on protein content for any 
variety were similar for the years 1944, 1945, 1946, and 1947, indicating that 
the bread-baking quality of each variety was essentially the same in different 
years. 

The level and slope of the regression of loaf volume on protein content 
for the varieties differed significantly, indicating differences between varieties 
in protein quality. 


It is well known that early investigations of the relationship between 
protein content of wheat and bread loaf volume by Thomas (12), 
Shollenberger (11) and others indicated a curvilinear relation. Bailey 
and Sherwood (1) calculated the formula for the curve based on the 
data of five crop years, 1921-1925. 

Zinn (13) in a study of the relationship of the different characters 
of American grown wheats based on published data (1907 to 1919) 
obtained high correlation coefficients between loaf volume and protein 
content. Larmour (8) found with samples of Canadian hard red spring 
wheats from the 1929 crop that the regression of loaf volume on 
protein was linear between the limits of 7.0% and 19.3% when a 
blend-bromate formula was used. Using baking techniques that more 
fully reflect the potentialities of each flour, linear relations within vari- 
eties have since been demonstrated by Barmore, Finney and McClug- 
gage (2, 3) Larmour, Working and Ofelt (9), and Bayfield and West (4). 
Barmore, Finney and McCluggage (3) and McCalla (10) showed that 
the level and slope of the regression lines are different for different 
varieties. Exceptions to this linear relation may occur as a result of 

1 Manuscript received Fe 20, 1950. 
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deleterious effect of excessive high temperature between heading and 
ripening of the grain on loaf volumes, as shown by Finney and Fryer (7). 

If it can be shown that the relation between protein content and 
loaf volume is generally linear for all classes of wheat, the characteri- 
zation and evaluation of varieties will be greatly facilitated. This will 
be true especially for samples that differ in protein content because of 
inherent differences or environmental conditions. The purpose of this 
paper is to present additional data bearing on the relation between 
protein content and loaf volume in hard red spring wheat varieties. 


Materials and Methods 


This paper presents results for 589 samples representing ten vari- 

eties of hard red spring wheat grown in experimental plots at approxi- 
mately 25 stations in nine states in the years 1944, 1945, 1946, and 
1947. All the samples were grown in the hard red spring wheat region 
but environmental conditions differed widely between some of the ex- 
periment stations. The varieties were Thatcher, Pilot, Rival, Regent, 
Mida, Ceres, Cadet, Newthatch, Henry, and Pilot X Mida No. 1756 
‘ (C. I. No. 12303). The number of samples of each variety tested each 
; year varied from six for the variety Henry to 25 for Thatcher. 
i The samples used in this study were grown under variable but, in 
. general, rather favorable seasonal conditions. The 1944 growing season 
was perhaps the best of the four. Although seedings were late the 
rainfall was abundant, resulting in good yields. The quality of the 
: grain was good, and protein content was about average. The seasons 
in 1945 and 1946 were late and cool and except for some stem and leaf 
rust damage the yields were normal and the grain was of good quality. 
The protein content was high in both of these years with 1946 averaging 
higher. Excessive rain and cold weather delayed planting of the 1947 
crop. The moisture conditions during the growing season were gen- 
erally good except in northwestern North Dakota and northern Mon- 
tana where there was a deficiency in moisture. There appears to have 
been no damage to quality because of high temperature such as that 
reported by Finney and Fryer (7). The grain was of generally good 
quality and averaged about the same in protein content as the samples 
of the 1944 crop. 

The samples were milled to 90 per cent patent flours on the Allis- 
Chalmers experimental flour mill. The flours ranged from 8.5 to 
18.0% in protein content and 0.41 to 0.53% in ash content (14.0% - 
moisture basis). The bread-baking tests were made by a formula 
described by Fifield, e¢ al. (5) using 100 grams of flour, 2.0 grams 
of compressed yeast, 1.5 grams of salt, 5.0 grams sugar, 0.25 grams 
of malted wheat flour, 3.0 grams of shortening, 4.0 grams of non- 
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fat dry milk solids, and varying amounts (0 to 4 mg.) of potassium 
bromate. The ingredients for two loaves of bread were mixed for a 
sufficient length of time for optimum dough development in a Hobart- 
Swanson dough mixer with four pins in the head and two pins in the 
bowl and operated at 108r.p.m. The doughs after mixing were divided 
into two equal parts, fermented for 3 hours at 86°F. (30°C.), panned 
and proofed for 55 minutes at 86°F. (30°C.) then baked for 25 minutes 
at 450°F. Loaf volumes and other data were averaged for the two 
loaves. Loaf volume data are presented only for those loaves contain- 
ing that amount of potassium bromate that produced maximum loaf 
volumes. In most instances the loaf having the greatest volume also 
had the best grain, texture, and crumb color. This procedure is sub- 
stantially the same as that used by Finney and Barmore (6). 


Results and Discussion 


Comparison of Interannual Results Within Variety. The number of 
samples, correlation coefficients, and regression equations for bread loaf 
volume vs. protein content of flour for each variety in each of the years 
1944 to 1947 are given in Table I. The relations between loaf volume 
and flour protein content are shown graphically by means of regression 
lines in Fig. 1. 

The relation between loaf volume and protein content was essen- 
tially linear within each variety, as shown in Fig. 1. It is evident from 
these coefficients (r varies from + 0.77 to 4- 0.99), which were all found , 
to be significant at the 1% level, that protein content accounts for a 
large part of the variation in loaf volume within a variety regardless 
of season. 

The protein content of the samples of each variety in this study 
with the exception of Henry, ranged from approximately 8.5 to 18.0% 
depending upon the environment under which they were grown. The 
protein content for Henry varied from 9.0 to 14.0%. There were 
fewer high protein samples of Henry, because it was not grown at 
the stations in the western part of the region where high protein samples 
of other varieties are generally produced. 

The slopes of the regression lines (Fig. 1) for any individual variety 
were similar for each of the four years. None were significantly differ- 
ent as shown by covariance analysis. The greatest variation appears 
to be for the variety Henry between the 1946 and 1947 seasons, prob- 
ably due to the relatively small number of samples for this variety. 
The agreement between the regression lines for different years seems 
to be best for Pilot, Cadet, Newthatch, Regent, and Mida. The data 
indicate that the increment of increase in loaf volume per unit increase 
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THATCHER PILOT CADET 


NEWTHATCH EGENT Rival 


600 F- 


A, 
600 
a 
PILOT KX MIDA HENRY 
> 1,200 (N.No 1756) a 
| 1946 1906 | 
+ 1947 —-— 1947 
| 
68 10 12 14 16 186 10 12. 16 18 8 10 12 14 ie 18 


FLOUR PROTEIN-PERCENT (14-0 PERCENT MOISTURE BAS!S) 


Fic. 1. Annual regression lines for loaf volume and flour protein & oe ten hard red spring wheat 
varieties grown for the 1944-1945-1946 and 1947 seasons. 


in protein content is essentially the same for any one variety in different 
. years. 

Comparison of Varieties. Since the regression lines for the same 
variety are substantially the same for different seasons, a comparison of 
varieties based on the average of all seasons seems justified. The four- 
year average protein content, loaf volume, regression equations, and 
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the loaf volume calculated to 10.0, 12.0, and 15.0% protein for the 
ten varieties are shown in Table Il. The regression lines showing the 
relation between loaf volume and flour protein content are presented 
graphically in Fig. 2. It should be noted that all varieties were not 
grown at all stations and, therefore, their average flour protein contents 
and loaf volumes are not directly comparable. For example, Henry as 
noted above was not grown at the western stations in the region where 
protein contents of the other varieties were high. 

The correlation coefficients (r) varied from +- 0.84 for Newthatch 
and Mida to + 0.96 for Ceres and were all highly significant. This 
means that flour protein content accounted for about 17 to 92% 
of the variation in loaf volume within varieties. The change in loaf 


TABLE Il 


SuMMARY OF Protein CONTENT AND Loar Vo_uME DATA FOR 
10 Varieties or Harp Rep SprinG WHEAT 


Average Loaf volume at? ; 
Number Regression 
Variety qe Correlation; equation 
samples} Flour | Loaf | 10.0% | 12.0% | 13.0% | - 
protein! | volume! protein) protein) protein 
per cent ce. ce. (r) 

Henry 31 11.5 820 | 741 | 846 | 1005 0.88 213+52.8 X 
Pilot 73 12.7 869 | 725 | 832 993 0.91 188+53.7 X 
Regent 51 13.4 892 716 | 820 975 0.91 197+51.9 X 
Cadet 70 13.5 889 | 725 | 819 959 0.90 257+46.8 X 
Rival 50 12.9 859 | 678 | 803 991 0.86 52+62.6 X 
Thatcher 90 13.5 874 | 693 | 797 952 0.90 175+51.8 X 
Newthatch 70 14.1 880 | 701 789 >| 920 0.84 262+43.9 X 
Mida 73 13.1 835 | 691 784 924 0.84 225+46.6 X 
Pilot X Mida 46 12.4 803 | 680 783 937 0.91 165+51.5 X 
Ceres 35 13.7 | 865 | 676 | 779 932 0.96 163+51.3 X 


‘14.0% moisture basis. 
? Calculated from regression equation. 


volume for each per cent increase in protein content based on the regres- 
sion equation varied from 43.9 cc. for Newthatch to 62.6 cc. for Rival. 
A majority of the variety regression lines, however, had slopes of 50.0 
to 56.0 cc. An analysis of covariance, showed that only the slope of 
the line for Rival differed significantly from those of other varieties. 
It can be observed in Fig. 2 that high protein flours of Rival produced 
relatively large loaves of bread; whereas, low protein flours of this 
variety generally made smaller loaves than did flours of Thatcher having 
comparable protein content. 

Significant loaf volume differences exist between certain of the 
hard spring varieties at the various protein levels. For example, at 
12.0% protein the loaf volume for Henry was 846 cc. in contrast to 
779 ce. for Ceres and 783 cc. for Pilot X Mida. Each of the more 
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important loaf volume differences at 12.0% protein was compared 
with the corresponding standard error of the difference. In general, 
a loaf volume difference of about 45 cc. between two varieties was 
significant at the 5% level; whereas, a difference of more than 60 cc. 
was significant at or beyond the 1% level. The loaf volume dif- 
ferences between Henry and the varieties Ceres, Pilot X Mida, and 
Mida were 2.91, 3.10, and 3.77 times, respectively, the standard 
errors of the difference for the paired comparisons, and were significant 


“PLOT 
~ CERES 
1,000 O-NEWTHATCH 


| @IvaL 
2 - HENRY 4 
3- PHOT ls 
4- REGENT 
6-CADET 
8 


LOAF VOLUME CC. 


10 2 4 6 
FLOUR PROTEIN PERCENT (14.0 PERCENT MOISTURE 8AaS1S) 


Fic. 2. Loaf volume-flour protein content regression lines for ten varieties of hard red spring wheat 
grown for four years at several stations. 


beyond the 1% level. The average load volume differences of about 

50 cc. between Pilot and the varieties Ceres and Pilot X Mida were 

found to be significant at the 5% level. The difference of 41 cc. 

' between Regent and Ceres approached significance ¢ = 1.94. Sig- 
nificance at the 5% level would require that ¢ = 1.99. 

Studies of this laboratory and of Finney and Barmore (6) indicate 

. that regression lines for loaf volume on protein content are reliable 

indexes of gluten quality and the potential breadmaking value of vari- 
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eties of wheat. Loaf volume, of course, depends both on the quality 
and the quantity of the protein in the flour as well as on certain other 
variable factors. 
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THE CYSTINE CONTENT OF WHEAT FLOUR IN 
RELATION TO DOUGH PROPERTIES ' 


B. W6sTMANN * 


ABSTRACT 


The cystine content of wheat flour proteins determined polarographic- 
ally varied from 2.2 to 4.5%. The physical properties of salt-water doughs, 
as reflected by the surface area of the extensograms for 23 flours taken after 
2 rest-time of 135 minutes are positively correlated with protein content, the 
cystine content of the flour proteins, and the total cystine content of the - 
flour. The correlation coefficients between the extensogram area and these 
respective variables were +0.82, +0.77, and +0.92. f 


The disulfide bond has long been regarded as an important struc- 
tural unit in the protein molecule (8) and several research workers have 
pointed out the importance of this linkage in determining the properties 
of the wheat flour proteins (1, 13, 16, 17). 

As part of an investigation of the factors which determine the bak- 
ing quality of flour, the cystine contents of protein preparations from 
23 wheat flours were determined by a polarographic method and the 
results correlated with the physical properties of salt-water doughs, as 
determined by means of the Brabender Extensograph. The polaro- 
graphic technique was used to determine cystine because the results are 
not materially influenced by the carbohydrates which are present in H 
the protein preparations used for analysis. 


Materials and Methods 


Wheat Flours. For this study 23 wheat flours were employed; 
seven of these were hard wheat flours and three were soft wheat 
flours imported from the United States in 1946 and 1947 by the Dutch 
government. ‘The remainder were soft flours of 80% extraction milled 
from Dutch wheat. As far as is known, none was bleached. 

Polarographic Determination of Cystine in Flour Protein Ilydroly- 
sales. Cystine was determined by a polarographic method based on 
that described by Brdicka (6) in 1934. He showed that in 0,1 N 
ammonium hydroxide — 0.1 NV ammonium chloride as supporting elec- 
trolyte, cystine gives a characteristic current-voltage curve in the polar- 
ograph if 0.001 'N cobaltous chloride is added. The cystine is reduced 
to cysteine at —0.4 volts at the dropping mercury electrode and then 
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reacts with cobaltous ions to form a complex at the mercury cathode. 
Starting at — 1.5 volts this complex catalyzes an evolution of hydrogen 
at the cathode interface, the amount of which is dependent upon the 
concentration of the complex on the cathode. As long as there is a 
surplus of cobaltous ions with respect to the amount of cystine present, 
the concentration of the complex on the cathode surface will be deter- 
mined by the amount of cystine diffusing to the cathode. 


3 


“10 “15 
VOLTS 


Fic. |. Polarogram of cystine. At — 1.4 volts wave given by tons, at — 1.9 volts 
minimum of cystine wave. 


As a result of the catalytic evolution of hydrogen on the cathode 
interface which starts at a potential of —1.5 volts, the current- voltage 
curve assumes the configuration shown in Fig. 1. The potentials are 
measured against the saturated calomel electrode. 

Brdicka took the height of the minimum, C, as a measure of the 
cystine concentration. In later publications, however, he occasionally 
used the maximum, B, (7, 10). He pointed out that at concentrations 
between 2 X 10-* and 10 X 10~* moles cystine per liter, the minimum 
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height is not directly proportional to the cystine concentration, the 
increase in the height being relatively less as the concentration of cys- 
tine increases. Moreover, Sladek and Lipschutz (14) showed that the 
wave heights for cystine were depressed by the presence of other amino 
acids. For these reasons Stern, Beach, and Macy (15) employed a 
special calibration technique for determining the cystine content of 
protein hydrolysates. Increments of a standard cystine solution were 


100) 


i 2 
10° M CYSTINE 


Fic. 2. Height of the maximum B and of the minimum C of the cystine wave as a function 
of the cystine concentration. 


added to a given volume of each hydrolysate under study and the 
relative changes in the height of the polarographic wave were measured. 
By this method, calibration curves were obtained which applied to the 
estimation of cystine in that particular hydrolysate. They reported 
that this technique permitted determining cystine in solutions contain- 
ing only 12 to 24 yg/ml. with an accuracy of +5%. 

Using a drop time of one second and an undamped galvanometer 
period of 2.5 seconds, a somewhat different conclusion was reached in 
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the present study. As long as the concentration did not rise above 
4 X 10°* moles cystine per liter, the height at the minimum remained 
almost directly proportional to the concentration as shown in Fig. 2. 
If different quantities of cystine were added to a protein hydrolysate, 
this relation was absolutely linear, provided the total concentration 
remained below the maximum cited above. 

For this reason, it was thought justifiable to add an amount of 
cystine to the hydrolysate equal to the amount estimated to be present 
and then calculate the cystine content from the minimum of the curve. 
In practice, 0.1 mg. cysteine hydrochloride (Hoffmann-LaRoche) was 
always added to 25 ml. of the solution to be examined, and the amount 
of cystine to be estimated was kept under 0.075 mg. per 25 ml. This 
meant that the wave produced by the cystine could not be higher than 
the increase of the wave height caused by the cysteine addition. 

Because of the greater error of this method as compared with that 
using several increments of cystine, two determinations were usually 
made on every hydrolysate, each involving curves made with and 
without the addition of cystine. 

As the starch in flour causes a considerable destruction of cystine 
during hydrolysis, it was removed by boiling the flour with a 5% solu- 
tion of trichloracetic acid. This treatment dissolved the starch and 
precipitated most of the protein. After isolating and washing the resi- 
due, which contained about 45° protein (N X 5.7), its cystine content 
was determined by hydrolysing for 16 hours in 20°; hydrochloric acid, 
and making the polarographic determinations already described on the 
hydrolysate. 

Hydrolysis was carried out with 20°) hydrochloric acid (analar). 
Six to eight hours was found to be minimum hydrolysis time because 
the minimum and maximum of the current-voltage curve could not be 
developed in a shorter time. For convenience, a time of 16 hours (5 
p.m. to 9 a.m.) was used. Under these conditions at least 90°, of the 
cystine added before hydrolysis was always recovered. 

From 100 to 200 mg. of flour protein containing 1-4 mg. cystine were hydrolyzed 
in 10 ml. of 20% hydrochloric acid, the humin which formed was removed by filtration 
and the filtrate was made up to 50 ml. with distilled water. 

A current-voltage curve was made on a solution containing 10 ml. 0.2 N ammo- 
nium hydroxide solution, 10 ml. of a solution containing ammonium chloride (0.2 N) 
and cobalt chloride (0.002 N), 1 ml. of protein hydrolysate, and 4 ml. of distilled 
water. A current-voltage curve was also made by replacing 1 ml. of distilled water 


in the preceding solution with 1 ml. of a freshly prepared aqueous solution of cysteine 
hydrochloride bs mg./250 ml.). 


As a check on the method, a recovery experiment was conducted 
in which cystine was added to a pea flour protein preparation before 
hydrolysis. Since the cystine content of the protein of pea flour was 
only about one-fifth of that of wheat flour protein, the proportion of 
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cystine in relation to the other constituents is much more unfavorable. 
To 100 mg. samples of the protein precipitated from pea flour by boil- 
ing with 5% trichloracetic acid, 0.3 and 0.6 mg. of cystine, respec- 
tively, were added and the mixture hydrolized by boiling with 10 ml. of 
20% hydrochloric acid solution for 16 hours. After filtration the 
hydrolysate was brought to a pH of 5 to 6 to permit the addition of 
more than 1 ml. to the supporting electrolyte without appreciably 
changing the pH. The protein preparation contained 42.7% protein 
and the cystine content of the protein (N X 5.7) was found to be 
0.76%. 

In triplicate experiments the mean recoveries were 98 and 94% for 
the addition of 0.3 and 0.6 mg. cystine, respectively. 

As a further test of the method, cystine was determined in hydroly- 
sates of several proteins with the following results: 


Cystine content 


Protein Value from literature 


Found 


Gliadin 5. (3) 
Globin (man) AS (15) 


The values compare favorably with those given in the literature. 

Extensograms. Extensograms representing each flour were made 
by mixing the flour with 2% sodium chloride and Sufficient water in the 
Brabender Farinograph to give a dough consistency of 500 Brabender 
units at the point of maximum dough development. The doughs were 
rounded and formed into cylindrical pieces in the Brabender Extenso- 
graph as described by Munz and Brabender (11). The extensograms 
were made after a rest period of 135 minutes at 30°C. 

The surface areas (Cm*) of the extensograms were measured and 
the ratio: resistence to extensibility, F (in extensograph units) /extensi- 
bility, E (mm.), calculated. This ratio gives an impression of the shape 
of the extensogram (11). 


Results and Discussion 


The results of the cystine determinations and extensograms for the 
wheat flours are summarized in Table |. The percentage cystine in 
wheat flour proteins reported in the literature (5) range between 1.8 
to 2.1%' so that the values of 2.2 to 4.5% found in the present study 

1 Calculated for protein = N X 5.7 
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are considerably higher. This may be due to compounds of the thia- 
zolidine carboxylic acid type being estimated as free cystine by the 
polarographic method. These compounds could result from the con- 
densation of cystine with carbohydrate degradation products (12). 
However, when using a modified Folin-method (phospho-18-tungstic 
acid reagent) Gubler and Greaves (9) found 0.34-0.41% cystine in the 


TABLE I 


THe Recarion Berween THE Protein AND Cystine CONTENTS OF WHEAT 
Flours anp DouGu Properties, AS MEASURED BY THE 
BRABENDER EXTENSOGRAPH 


Cystine content Extensogram characteristics! 


€ Protein Flour \rea P/E 
€ 


\MERICAN FLOURS 


1 11.7 4.0 0.47 148 6.4 
2 11.2 4.1 0.46 100 5.8 

3 11.1 3.8 0.43 102 
4 11.1 4.1 0.45 135 3.1 
5 10.5 $5 0.47 129 7.5 
6 10.4 4.2 0.44 81 3.8 
7 8.1 3.5 0.28 19 1.1 
8 7.3 3.5 0.26 49 5.5 
9 7.2 3.0 0.22 31 3.2 
7.1 3.6 0.26 30 2.3 

TCH FLOURS 

11 96 2.2 0.21 28 0.8 
12 9.4 4.1 0.38 68 2.7 
13 9.1 2.5 0.23 27 1.2 
14 91 3.9 0.34 70 4.2 
18 8.9 3.2 0.29 14 04 
16 &.8 2.9 0.26 29 1.0 
17 8.8 3.0 0.26 21 0.5 
18 8.7 4.5 0.39 68 4.7 
19 8.7 2.8 0.24 29 1.6 
7 20 &.7 3.0 0.26 20 0.6 
21 8.4 3.0 0.25 31 2.0 
22 8.3 3.0 0.25 19 0.4 
23 8.3 3.0 0.25 20 0.5 


' The extensograms were made after a rest period of 135 minutes. / represents the ratio of the 
resistance to extension in Brabender units and E the extensibility in Cm. 


grain. This indicates about 3.5% for flour protein, which gives better 
agreement with the present results. : 

The flour samples in Table | are arranged in order of protein content 
and it is readily seen, as is well known, that the area of the extensogram 
decreases with a decrease in protein content. The correlation coeffi- 
cient between the data for these variables is +0.82. Similarly, the cor- 
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relation between the surface area of the extensogram and the cystine 
percentage of the protein is +0.77. 

These results indicate that the extensogram area is a function of 
both the quantity of protein present and of the cystine content of the 
protein. If these variables are combined to give the cystine contents 
of the flour, an even better correlation with the surface area of the 
extensogram is obtained; namely, r= +0.92. 

It may be concluded that the quality of flour protein for bread- 
making purposes increases with an increase in the number of possible 
-S-S-— linkages, as determined by its cystine content. The total cys- 
tine, that is the total number of possible -S-S— linkages, largely deter- 
mines those properties of flour which are measured by the extensogram. 


Literature Cited 


. Baits, A. K., and HALE, W.S. Further studies on the activity of proteinase in 
flour. Cereal Chem. 13: 656-664 (1936). 

. Bock, R. J., and Botuinc, Diana. The amino acid com of proteins 

nan foods. Charles C. Thomas, Springfield, Illinois (1945) 

. Ibid. 

. Ibid. 

. Broicxa, R. Polarographische Mikrobestimmung von Cystin und Cystein in 
Hydrolysaten von einigen Proteinen. Mikrochemie 15: 167-180 (1934). 

. Brocka, R. Wielands labiler Wasserstoff bei der schwermetallkatalytischen 
Oxydation von Sulfhydrylverbindungen. Biochem. Z. 272: 104-112 (1934). 

. Crammer, J. L., and NeuBERGER, A. The state of tyrosine in “eg albumen and 
in insulin as determinated by spectrophotometric titration. Biochem. J. 37: 
302-310 (1943). 

Guster, C. J., and or me E. Cystine content of wheat and its quanti- 
tative determination. esearch 7: 405-413 (1942). 

. reaieomenwe I. M., and Bene} J.J. Polarography. Interscience, New York 
(1941). 

. Munz, E., and BraBenpver, C. W. Prediction of baking value from measure- 
ments of plasticity and extensibility of dough. I. Influence of mixing and 
molding treatments upon physical dough properties of typical American wheat 
varieties. Cereal Chem. 17: 78-100 (1940). 

. Ratner, SARAH, and CLarKe, H.T. The action of formaldehyde upon cysteine. 

. Am. Chem. Soc. 59: 200-206 (1937). 

. Rrrrer, K. The structure of the proteins and the protein constituents of wheat 
flour. Mihlenlab. 9: 1- 25- (1939). 

. Stapex, J., and Lipscniirz, M. ‘le en studies with the dropping mer- 
cury Kathode. Part XLIUL cc effects of some amino acids. Coll. 
Czechoslov. Chem. Commun. 6: 457 (1934). 

. Srern, A., Beacu. E. F., and Macy, I. G. Polarographic microdetermination 
of cystine in protein hydrolysates. J. Biol. Chem. 130: 733-740 (1939). 

. SuLLivaN, Betty, Howe, Marjorie, and Scumauz, F. D. On the presence of 
glutathione in wheat germ. Cereal Chem. 13: 665-669 (1936). 

. Suttivan, Berry, Howe, Marjorie, Scumauz, F. D., and AstLerorp, G. R. 
The action of oxidizing and reducing agents of flour. Cereal Chem. 17: 
507-528 (1940). 


¢ 
2 
4 
5 4 
6 
9 
10 
1 1 
— 
12 
13 
14 
15 
17 
By 
- 
| 


A METHOD FOR THE DETERMINATION OF 
LACTOSE IN BREAD' 


R. P. Cnor, C. W. Tatrer, anp C. M. O'MALLEY 


ABSTRACT 


A simple fermentation method has been developed for the determina- 
tion of lactose and indirectly nonfat milk solids in bread. The procedure 
involves extracting the sugars from bread with dilute alcohol, destroying the 
non-lactose reducing sugars by fermenting the alcohol-free extract for 24 
hours at 30°C. with baker's yeast, and analyzing for lactose by means of the 
Somogyi micro-method for reducing sugars. Different brands of yeast cake 
and dry yeast can be used. Excellent recoveries have been obtained when 
varying quantities of nonfat dry milk solids were added to water bread. 
Likewise, results determined by two different laboratories on samples of 
bread of varying concentrations of lactose or nonfat dry milk solids showed 
good agreement between the two laboratories and also with the theoretical 
values. 


Methods for the estimation of nonfat dry milk solids in bread are 
generally based upon the determination of lactose by selective fermen- 
tation witn baker’s yeast. Among the procedures utilizing this 
principle are those of Snethlage (7), Meyer (5), Schut and DeJong 
(6), and Magraw and Copeland (4). The last procedure was developed 
in this laboratory and has been adopted in Cereal Laboratory Methods 
(2). While it gives satisfactory results, it is time consuming and some- 
what objectionable because it requires the use of hydrogen sulfide. 

A shorter and less tedious method is presented in this report. 
Extraction of the lactose is accomplished with dilute ethanol, a pro- 
cedure which eliminates the starches and nearly all the proteins. 
Consequently, it is not necessary to use alpha-amylase or repeated 
protein precipitations in subsequent operations. Also, by using a 
small aliquot along with continuous agitation, the time required for 
complete fermentation of non-lactose reducing sugars is reduced to two 
and one-half hours. Finally, substitution of the micro-method of 
Somogyi for the Munson-Walker method for lactose determination 
further decreases the time required per analysis. 


THD 


Materials and Methods 


Reagents. 1. Yeast suspension. This was prepared according to 
the procedure of Jones (3). Commercial baker's yeast was washed by 


' Manuscript received February 24, 1950. 
Contribution from American Dry Milk Institute, Inc., Chicago, 1, Illinois. 
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centrifuging with three to four times its volume of distilled water until 
the supernatant liquid was clear. The yeast was finally diluted to a 
25% suspension and stored in a refrigerator at 0° to 4°C. for 24 hours 
before use. Preparations as old as one week could still be used. 

2. Yeast nutrient solution. 1.7 g. bacto-peptone (Difco Labora- 
tories), 0.50 g. dipotassium phosphate, and 0.33 g. magnesium sulfate 
heptahydrate were dissolved in water and diluted to 100 ml. 

3. Protein precipitant. 50 g. sodium tungstate and 6 g. disodium 
phosphate were dissolved in 200 ml. distilled water. After adding 
slowly 220 ml. of 2 N hydrochloric acid, the solution was mixed and 
diluted to 500 ml. 

4. Somogyi's reagent (8). 12 g. Rochelle salt, 20 g. anhydrous 
sodium carbonate, and 25 g. sodium bicarbonate were dissolved in 
about 500 ml. distilled water. To this was added with stirring 6.5 g. 
copper sulfate pentahydrate previously dissolved in 100 ml. water. In 
a separate container, 10 g. potassium iodide, 0.800 g. potassium iodate, 
and 18 g. potassium oxalate were dissolved in about 200 ml. water. 
The two solutions were mixed and diluted to 1 1. 

5. Sodium thiosulfate, 0.005 N. Since this solution cannot be 
kept unchanged for long, it was prepared every day by diluting freshly 
standardized 0.1 N solution. 

6. Sodium hydroxide, 0.5 N. 

7. Sulfuric acid, 2 N. 

8. Starch solution, 1%. 

Procedure. The bread to be analyzed was sliced, air-dried, and 
then crushed to fine particles. The moisture content of the air-dried 
sample was determined by the A.O.A.C. vacuum oven method (1). 
A sample of 15 g. of the air-dried bread was weighed into a 200 ml. 
volumetric flask containing 60 ml. water. After thorough mixing, 
35 ml. 95% ethanol were added and the sample immersed in a boiling 
water bath for 15 minutes. When cooled to room temperature, the 
content was diluted to volume with 95° ethanol, transferred to a 
centrifuge bottle, and centrifuged for 10 minutes at approximately 
1,000 r.p.m. One hundred and fifty milliliters of the supernatant liquid 
were evaporated to about 40 ml. and then diluted to 100 ml. in a 
volumetric flask. 

For fermentation, 10 ml. of this bread extract were transferred 
to a 50 ml. Erlenmeyer flask; 6 ml. yeast suspension and 5 ml. yeast 
nutrient solution were added. A blank test was made using 10 ml. of 
water in place of the bread extract. The flask was stoppered with a 
one-hole rubber stopper fitted with a piece of 6 mm. glass tubing about 
10 cm. long and shaken at a moderate rate for 2.5 hr. in a constant 
temperature water bath at 30°C. The fermented sample was then 
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transferred to a 50 ml. centrifuge tube and centrifuged for 10 minutes 
at approximately 1,000 r.p.m. The supernatant layer was decanted 
into a 50 ml. volumetric flask and the residue washed twice with 10 ml. 
portions of water. The washings were combined with the decanted 
liquid. To this solution was next added, with shaking, 2.5 ml. protein 
precipitant. After diluting to volume and mixing, the mixture was 
filtered, discarding the first few milliliters of the filtrate. 

For lactose determination, 5.00 ml. of the clear filtrate were pipetted 
into a Pyrex culture tube (22 * 175 mm) and neutralized to the phenol 
red end-point with 0.5 N sodium hydroxide. To this, 5.00 ml. 
Somogyi's reagent and two drops of benzene were added. The tube 
was capped with a glass bulb and immersed in a vigorously boiling 
water bath for exactly 15 minutes after which the contents were cooled 
without agitation in a cold water bath. Then, 2.5 ml. 2 N sulfuric 
acid were added. When the cuprous oxide precipitate was com- 
pletely dissolved, the excess iodine was titrated with 0.005 N sodium 
thiosulfate using starch as an indicator. The difference between the 
titration value of the blank and that of the sample was referred to a 
standard curve to determine the quantity of lactose present. The 
reference curve was established by testing 5.00 ml. portions of lactose 
solutions containing from 0 to 5 mg. of lactose hydrate with 5.00 ml. 
portions of Somogyi’s reagent and plotting the difference between the 
titration value of the blank and that of the lactose solution against the 
corresponding lactose content. 

From the amount of lactose found in the 5.00 ml. aliquot of the 
fermented sample, the percentage of lactose present in the moisture- 
free bread can be calculated as follows: 


187 _ 100 _ 50 100 X L 8.33 X L & 10° 
150 * 40 * 5 * — M) = —M 
“L” is the grams of lactose in the 5.00 ml. aliquot and “M”’ is the 
per cent moisture in the air-dried bread. The factor 187 is the total 
volume of dilute alcohol in 200 ml. of bread suspension, using 13 ml. as 
the volume occupied by 15 g. of air-dried bread, a factor employed by 
Magraw and Copeland (4). A blank of 0.35% lactose was subtracted 
from the final result. This is a correction for the amount of non- 
fermentable reducing material present in bread containing no milk and 
is about the same as that found by the above workers (4). To convert 
to nonfat dry milk solids, which is the usual source of lactose in bread, 
the per cent of lactose is multiplied by two, since the average lactose 
content of nonfat dry milk solids is approximately 50%. A sample of 
dry bread of known lactose content may be run simultaneously with 
unknown breads, if desired, to check the reliability of each series of 
analyses. 
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Results and Discussion 


Except where otherwise noted, samples of bread for this study were 
prepared by our baking laboratory, using the following formula. The 
straight-dough technique was followed: 

Flour 300g. 0.7 
Water 210g. 1.5 
Sugar 12 g. Shortening 6 
Salt 6 g. Nonfat dry milk 
Yeast 6 g. 
In accordance with general baking practice, the percentage of nonfat 
dry milk solids or lactose added is expressed as per cent of flour used. 

Using an extract prepared from a bread containing 6% nonfat dry 
milk solids, the time necessary for complete terehentatiol of non- 
lactose reducing sugars was determined by fermenting 10 ml. portions 
for varying periods at 30°C. with shaking. From the data plotted in 
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Fig. 1. Fermentation ov necessary for the complete destruction of non-lactose reducing substances 
on extract of bread containing 6% of nonfat dry milk solids (2.89% lactose). 


Fig. 1 it can be noted that fermentation is practically complete after 
1 hour. A 2% hour period was chosen to insure complete fermenta- 
tion. In the absence of agitation, a much slower rate of fermentation 
resulted. 

Recovery experiments were made by adding to an air-dried water- 
bread, nonfat dry milk solids (51.2% lactose) in amounts to give 0, 
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TABLE I 
Recovery or Nonrat Dry Sorips' Appep To Water Breap 


Lactose found 


Nonfat oy 
Trial 1 Trial 2 Trial 3 
0.11 0.17 
07 1.12 1.11 
13 2.20 2.20 
21 3.21 3.19 
09 4.09 3.91 
1 .92 6.13 6.13 


' Containing 51.2% lactose by analysis. 


2, 4, 6, 8, and 12% nonfat milk solids. These mixtures were analyzed 
for lactose by the present method. Results of three separate trials 
are presented in Table I. Good agreement is obtained between the 
experimental and the theoretical values. The average deviation of 
all results from their corresponding theoretical results is 0.092% 
lactose, calculated without regard to sign. 

A series of breads containing varying quantities of lactose or nonfat 
dry milk solids was prepared by the American Institute of Baking by 
the sponge dough technique following a formula similar to that given 
above. These breads were analyzed for lactose at the American 
Institute of Baking and in our own laboratory, using the present 
method. From the total weight of the bread after air drying and 
from the moisture content, the theoretical lactose value on the mois- 
ture-free basis was calculated. Results are presented in Table II. 


TABLE II 


COLLABORATIVE RESULTS ON BREADS CONTAINING VARYING AMouUNTS oF LACTOSE 
or Nonrat Dry MILK So.ips 


Lactose content (moisture-free basis) 
Lactose content! 
Theoretical A.LB ADMI 
% % % % 
0 0 — 0.0 
0 0 0.12 0.01 
2 1.96 —_ 1.75 
4 3.82 3.67 3.60 
6 5.96 5.84 5.48, 5.42 
1 0.97 0.80 0.86 
2 1.91 1.56 1.74 
3 2.89 2.71 2.84, 2.86 
4 3.98 3.75 3.80 


4 In the first five samples listed lactose was added; in the last four nonfat dry milk solids was used. 
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The agreement between results from the two laboratories, as well as 
between the observed and the theoretical results, is satisfactory. 

In most of these experiments Fleischmann baker's yeast (one- 
pound size) was used. However, when other brands of yeast, both in 
the cake form and in the dry form, were tried, they were found to be 
equally satisfactory as indicated by the data in Table III for two 


TABLE Ill 
RESULTS WITH DIFFERENT BraANps OF YEAST 


Lacotse found, % (moisture-free basis) 
Yeast 4% Lactose bread 8% ndms' bread 


Fleischmann (pound cake) 
Fleischmann (4 oz. cake) 
Fleischmann (1 oz. cake) 
Fleischmann (dry) 

Red Star (24 oz. cake) 
Red Star (dry) 

National (2 oz. cake) 
National (dry) 


1 Nonfat dry milk solids. 


breads analyzed on different occasions with different samples of yeasts. 
In using the dry yeasts, sufficient water was added to give a suspension 
of approximately the same concentration as the 25% suspension pre- 
pared from yeast cakes. 

The precision of the present method was estimated by analyzing 
a white bread containing 6% nonfat milk solids eight separate times. 
The standard deviation was found to be 0.12% lactose, which, assuming 
normal distribution, would mean that approximately 95% of all de- 
terminations should fall within +0.24% lactose from the mean value. 
An indication of the accuracy of the method can be obtained from the 
recovery results shown in Tables | and II. With the exception of two 
results, all results are within +0.24% lactose of the theoretical values. 
In comparison, the accuracy of the Magraw-Copeland procedure has 
been given as +0.5% nonfat dry milk solids or +0.25% lactose. 
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i INHIBITION OF BETA-AMYLASE BY CYANIDE! 
| D. K. Roy? and L. A. UNDERKOFLER 


ABSTRACT 


Addition of sodium cyanide to malt extract solutions markedly in- 
hibited the saccharification produced by these extracts. The cyanide 
addition had no effect on alpha-amylase activities but lowered apparent 
beta-amylase activities of these extracts. Sodium cyanide completely 
inhibited the saccharifying activities of extracts from ungerminated soy- 
beans, wheat and barley, and of solutions of a commercial beta-amylase. 
Cyanide, therefore, has a differential effect upon amylase complexes, 
inhibiting the beta-amylase. This inhibition is complete when beta-amylase 


is the only amylolytic enzyme present, but apparently not with extracts of 
malt. 
‘| i Inhibition or destruction of enzyme activity by chemical reagents is 
frequently encountered. An inhibiting agent may sometimes be 


ab employed to advantage in the study of enzyme systems for the in- 
hibition of the activity of certain enzyme components without affect- 
ing others. 

In the course of studies on the enzyme systems of bacteria and 
molds, irterest arose in finding substances which would have a differen- 
tial inhibiting effect upon components of the amylase complex. 
Although a number of reports on amylase inhibitors have appeared, in 
| most cases these have been unidentified substances of natural origin 
' (1, 5, 7, 14). However, Purr (12) found that ascorbic acid inhibited 
beta-amylases but did not affect the alpha-amylases of plants. Hanes 
(2), Weidenhagen and Lu (15), and Janicki (3) likewise found that 
ascorbic acid inhibited the action of beta-amylase, and Hanes re- 
ported that reductone and dihydroxymaleic acid also inhibited beta- 
amylase. 

Cyanides have frequently been employed for inhibiting various 
enzymes, particularly i in metabolic studies. There are few reports on 


1 Manuec ript received February 20, 1950. Contribution from ~Aag Chemistry Department and 
Industrial Science Research Institute, —y-' State College, Ames, 
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the effect of cyanide upon amylases, especially upon the effect of 
cyanide upon the individual components of amylase complexes. 
Myrbiack (8) found that potassium cyanide in small amounts strongly 
inhibited the activity of salivary amylase, whereas equimolar concen- 
trations of hydrogen cyanide caused much less inhibition. However, 
0.1 N hydrogen cyanide almost completely destroyed the activity of 
the enzyme. Ninomiya (10) found that salivary amylase was some- 
what inhibited by potassium cyanide or potassium thiocyanate, even 
in concentrations as low as 0.0005 M. Nguyen-Van-Thoai and 
Silhol-Bernere (9) reported that purified pancreatic amylase treated 
at pH 6.8 at 40°C. for one-half hour with 0.001 to 0.1 M potassium 
cyanide was not affected, whereas the crude enzyme was inhibited 
by this reagent at very low concentrations. 

Since salivary amylase and pancreatic amylases are predominately 
of the alpha-amylase type, tests were made on the inhibiting action of 
cyanide upon certain enzyme extracts having alpha-amylase activity. 
Preliminary tests showed that cyanide markedly inhibited the amylo- 
lytic activity of malt extracts but had relatively little effect upon 
fungal amylase solutions. Further work, reported in this paper, 
showed that cyanide inhibits beta-amylase without affecting activities 
of other components of the amylase complex. 


Materials and Methods . 


The amylolytic materials employed in this investigation included 
samples of malts, grains, and a commercial beta-amylase preparation. 
Three malts, kindly supplied by Dr. Eric Kneen of the Kurth Malting 
Company, of widely varying alpha-amylase and beta-amylase activi- 
ties were used. One of these, malt A, was a “high-kilned malt,” low 
in beta-amylase and limit dextrinase activities. Two varieties of 
soybeans and one sample each of wheat and barley were supplied by 
the Agronomy Department of Iowa State College. The commercial 
beta-amylase preparation was “beta-amylase for analytical purposes” 
purchased from Wallerstein Laboratories. 

Extracts were prepared from the malts and grains for testing in the 
following manner: The materials were finely ground in a burr mill and 
5 g. of each extracted with 100 ml. of water for 1 hour at 30° C., with 
frequent shaking. The extracts were then centrifuged and filtered. 
Where cyanide treatment was employed, 50 mg. of sodium cyanide 
was added to 50 ml. of extract, which corresponds to 0.1% or 0.02 M 
concentration of the cyanide, and the solution held for 1 hour at 
30° C. 

Alpha-amylase determinations were made by the method of 
Sandstedt, Kneen, and Blish (13) using the cobalt-chromate color 
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standard of Olson, Evans, and Dickson (11). Results of the analyses 
were calculated in terms of the alpha-dextrinogenic units of the former 
authors, representing the number of grams of soluble starch which, 
under the influence of an excess of beta-amylase, are dextrinized by 
one gram of malt in one hour at 30°C. 

Overall saccharification values and beta-amylase activities were 
determined by the method of Kneen and Sandstedt (4). The results 
were calculated in terms of saccharogenic units, representing the 
number of grams of soluble starch converted to maltose by one gram of 
material in one hour at 30°C., and beta-amylase units, representing the 
number of grams of soluble starch converted to maltose by the beta- 
amylase of one gram of material in one hour at 30°C. Independent 
tests showed that the amounts of cyanide employed affected the 
quantities of apparent maltose found by the ferricyanide method 
by from 0 to 2%, depending upon the sugar concentration. Such 
differences are not significant for the comparisons involved in this 
investigation. 


Results and Discussion 


The procedures devised by Sandstedt, Kneen, and Blish (13) and 
by Kneen and Sandstedt (4) for differential estimation of alpha- 
amylase and beta-amylase in malt were adapted to the investigation of 
the inhibiting action of cyanide upon these components of malt amy 
lase. Extracts of the three malts were prepared and portions of each 
were treated with sodium cyanide as described above. The cyanide- 
treated and untreated extracts were then analyzed. The data for the 
malt samples are given in Table I. 


TABLE I 


Errect Amytorytic Activity or TREATING Aqueous Extracts oF MALTS 
with 0.1% Sopium CYANIDE 


Untreated extract Cyanide-treated extract 
Alpha- Beta- Alpha- Beta- 
genic units genic units units genic units genic units units 
A 3M 5.34 3.65 34 2.66 0.97 
B 64 19.37 16.33 63 14.32 11.33 
Cc 46 9.67 7.42 45 7.36 5.16 


The results of this experiment indicated that cyanide had little if 
any effect upon the alpha-amylase activity of the malt extracts, but 
markedly lowered the overall saccharification produced by the ex- 


tracts. 


However, apparent residual beta-amylase activity, as cal- 
culated from the analytical data, still existed. 
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The effect of cyanide treatment of aqueous extracts of soybeans, 
wheat, and barley was then investigated. Since extracts of these 
ungerminated grains are good sources of beta-amylase, while alpha- 
amylase is essentially absent, only saccharogenic values were 
determined on the cyanide-treated and untreated extracts. Simul- 
taneously with the grain extracts, solutions of three different concentra- 
tions of the commercial beta-amylase were prepared, a portion of each 
treated with 0.1% sodium cyanide in the same manner as for the grain 
extracts, and saccharogenic values determined on the solutions. Data 
from these determinations are given in Table II. 


TABLE Il 


Errect Upon AmyLotytic Activity oF TREATING SOLUTIONS FROM SOURCES OF 
Beta-AMYLASE WITH 0.1% Soprum CYANIDE 


Sample Cyanide-treated 


Soybean A 

Soybean B 

Wheat 

Barley 

Commercial beta-amylase: 
0.2% solution 
0.5% solution 
1.0% solution 


coco coco 


1 Units per ml. of solution. 


The results presented in Table II show conclusively that beta- 
amylase from the sources tested is completely inhibited or destroyed 
by sodium cyanide. Even solutions of the commercial beta-amylase 
in the relatively high concentration of 1.0% showed no saccharifying 
activity after cyanide treatment. 

Referring again to the data of Table I, it may be noted that 
although overall saccharification was markedly lowered by treatment 
of the malt extracts with cyanide, apparent residual beta-amylase 
activity was still appreciable. This was especially true for malts B 
and C. Since cyanide completely destroyed the beta-amylase of the 
ungerminated grains and commercial beta-amylase, it would be as- 
sumed that the beta-amylase activity of the malts should also be com- 
pletely inhibited. It is possible, however, that other constituents in 
the extracts may exert a protective action on the beta-amylase of 
malts. Probably other components of the malt amylase system, such 
as limit dextrinase, are not inactivated and together with the alpha- 
amylase are responsible for much of the saccharification produced. 
The apparent residual beta-amylase activity may possibly be due, at 
least in part, to limit dextrinase. The contribution which limit dex- 
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trinase makes to total saccharification needs further investigation to 
elucidate this point. However, the hypothesis is strengthened by the 
fact that the apparent beta-amylase activity for malt A after cyanide 
treatment was relatively low. Malt A was a “high-kilned malt,” so 
treated for destruction of beta-amylase and limit dextrinase. Such 
treatment does not entirely eliminate these components, but markedly 
reduces them according to Kneen and Spoerl (6). The data show rela- 
tively low beta-amylase activity for this malt before cyanide treat- 
ment, and very low residual apparent beta-amylase activity after 
cyanide treatment. 

It may be concluded from the work reported in this paper that 
cyanide has a differential effect upon amylolytic enzyme complexes, 
inhibiting only the activity of beta-amylase. When beta-amylase is 
present as the sole amylolytic component it is completely inhibited by 
cyanide. The apparent beta-amylase activity of malts is apparently 
only partially inhibited by cyanide. Further work will be necessary to 
fully establish the degree of inhibition of beta-amylase in malts and in 
other mixtures of the several amylase components. 
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EXPERIMENTS WITH AMMONIUM PERSULFATE 
AS A FLOUR MATURING AGENT ' 


J. M. Dory anp R. C. SHERWoop * 


ABSTRACT 


Ammonium persulfate in bread flours at levels of 1 to 20 g. per 100 
pounds of flour showed a definite maturing action. Loaf volumes and crumb 
texture scores were improved by ammonium persulfate in spring, winter, 
and west coast bread flours. Ammonium persulfate treated flours showed 
good storage properties and compared favorably in baking properties with 
nitrogen trichloride treated flours, both freshly milled and after several 
months’ storage. 

Ammonium persulfate additions to flour did not affect the thiamine and 
riboflavin content of enriched flour. No deleterious effect could be observed ; 
on the vitamin content of persulfate-treated, enriched flour after storage, 
either in the flour or in the bread made from the flour. 


Ammonium persulfate has been used as a flour maturing agent in 
the production of bread for many years in Europe. Very few reports 1 
appear in the literature. Kent-Jones and Amos (1) have reported its 
maturing properties, and its use in England and on the Continent for 
many years, stating that persulfates cause improvement in elasticity 
and stability of dough, and their use results in superior breads. Because 
certain changes are being made in the use of maturing gases in the pro- i 
duction of flour, investigations into the use of ammonium persulfate in } 
maturing flour are herewith reported. : 

Ammonium persulfate is a powerful oxidizing agent, containing 7% i, 
active oxygen. It is a white crystalline compound which can be : 
blended with relatively inert compounds and added directly to flour or ‘ 
flour doughs. Since the persulfate is water soluble, it goes into solution : 
promptly when a dough is mixed and exerts its oxidizing action without ) 
delay. 

This report shows the use of ammonium persulfate in maturing 
bakers flour made from hard red winter wheat, spring wheat, and west 
coast hard wheats. 


Materials and Methods 


Baking results are reported on a modified A.A.C.C. procedure using 
100 g. of flour per loaf. The ingredients used in the modified formula 
include yeast, salt, sugar, shortening, milk, malt, and flour. All results 
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obtained on 100 g. flour loaves were verified by the sponge-dough pro- 
cedure producing regular 1-pound commercial-type loaves. 

Over 50 southwestern winter wheat bakers flours have been treated 
with ammonium persulfate and compared with flours given regular 
commercial nitrogen trichloride maturing. Many spring wheat bakers 
flours and west coast bakers flours have also been compared in this 
manner. For this report, a typical example has been chosen from each 
of the three groups of bakers flours tested. 

Ammonium persulfate was added to flour both in the dry form and 
in solution at the dough mixing stage. The dry form was a fine-ground 
mixture of 50% ammonium persulfate and 50% inert carrier such as 
calcium sulfate. 

All flour used in storage tests was stored in cloth bags on open 
shelves at room temperature in the laboratory. Sacks were opened for 
analytical work, re-tied, and returned to shelf for further storage. 


Results and Discussion 


Southwest bakers flour untreated and with various increments of 
nitrogen trichloride or ammonium persulfate are reported in Table I. 
The optimum nitrogen trichloride treatment for this flour is in the 
neighborhood of 1 g. per 100 pounds of flour, which compares closely 
with 4 g. of ammonium persulfate per 100 pounds of flour. Loaf vol- 
umes, texture scores, and over-all bread scores show similar results 


TABLE I 


BakiInG Resutts oN Harp Winter WuHeEaAt Bakers FLouR COMPARING 
AMMONIUM PERSULFATE AND NITROGEN TRICHLORIDE 
AS MATURING AGENTS 


Treatment per 100 Ibs. flour Loaf volume Texture score Total bread score 
Unmatured x 50 

V6 gram N.T.! 735 70 78 
| 1 gram N.T. 840 90 95 
{ 2 grams N.T. 800 70 73 
t 2 grams A.P.? 750 80 86 
if 4 grams A.P. 850 89 95 
8 grams A.P. 810 75 78 


T Nitrogen Trichloride. 
.P.-—-Ammonium Persulfate. 


between the maturing action of nitrogen trichloride and ammonium 
persulfate. These data are typical of results obtained on over 50 
samples of southwestern winter wheat flours. 

The effect of various increments of nitrogen trichloride and ammo- 
nium persulfate on untreated spring wheat bakers flour is reported in 
Table II. The optimum nitrogen trichloride treatment is about 1.0 g. 
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TABLE II 


BAKING RESULTS ON SPRING WHEAT BAKERS FLOUR COMPARING 
AMMONIUM PERSULFATE AND NITROGEN TRICHLORIDE 
AS MATURING AGENTS 


Treatment per 100 Ibs. flour Loaf volume Texture score Total bread score 


Unmatured 65 71 


% gram N.T.! 875 90 91 
1 gram N.T. 880 97 97 
ite grams N.T. 800 73 77 
2 grams A.P2 850 81 85 
3 grams A.P. 870 92 O4 
4 grams A.P. 860 91 92 


per 100 pounds of flour and the optimum treatment with ammonium 
persulfate, somewhere near 3 g. per 100 pounds of flour. Here again 
loaf volumes, texture scores, and over-all bread scores are similar for the 
optimum treatments with nitrogen trichloride or ammonium persulfate. 
These data are typical of many spring wheat flours tested in like manner. 


chloride or ammonium persulfate is reported in Table II]. Results are 
similar to those obtained on southwest bakers flour. 


has definite value in artificially aging bread flours. In order to deter- 


1 N.T.—Nitrogen Trichloride. 
2 A.P.—Ammonium Persulfate. 


Pacific coast bakers flour with various increments of nitrogen tri- 


From these baking results, it is apparent that ammonium persulfate 


mine whether ammonium persulfate has practical application, storage 
tests were conducted. Finely-ground ammonium persulfate was mixed 
with an equal quantity of a mixture of calcium sulfate and calcium 
phosphate in order to make a free-flowing material suitable for mixing 
in flour. The flour used for the storage tests required 6 g. of ammonium 


TABLE Ill 


BAKING RESULTS ON West Coast Bakers FLouR COMPARING 
AMMONIUM PERSULFATE AND NITROGEN TRICHLORIDE 

AS Matrurinc AGEentTs 


Treatment per 100 Ibs. flour Loaf volume Texture score Total bread score 


Unmatured § 
4 gram N.T.' 715 69 75 
1 gram N.T. 755 88 89 
2 grams N.T. 705 75 80 
2 grams A. P* 700 70 75 
4 grams A.P. 760 89 88 


8 grams A.P. 710 77 80 


1 N.T.—Nitrogen Trichloride. 
2? A.P.—Ammonium Persulfate. 
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Loof Volume in cc. 


i i 


0 2 4 6 8 10 12 
Time of Treatment in Weeks 


Fic. 1. Loaf volumes of flours during storage. 


persulfate per 100 pounds of flour to produce optimum baking results. 
Using the 50% mixture, the flour was treated at two different levels, 
one representing 6 g., and the other 12 g. of ammonium persulfate per 
100 pounds of flour. Twice optimum treatment was used delib- 
erately in the second flour to determine the degree of damage resulting 
from over-maturing with ammonium persulfate when fresh and after 


j 
storage. ‘ 


The baking results obtained with these two flours compared with 
the same flour untreated, and treated with nitrogen trichloride, are 
The 6 g. ammonium persulfate treated flour and 


reported in Fig. 1. 


4 6 
Time of Treatment in Weeks 
. Thiamine content of flours during storage. 
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Fic. 3. Riboflavin content of flours during storage. 


the nitrogen trichloride treated flour paralleled very closely over three 
months’ storage period. As would be expected, the over-treatment 
with persulfate showed a decrease in loaf volume and the untreated 
flour showed an increase in loaf volume over the three months’ period. 
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Fic. 4. Thiamine content of bread made with stored flour. 
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The optimum ammonium persulfate treated flour produced satisfactory 
baking results over several months’ storage period. 

To determine the effect of ammonium persulfate on the vitamins of 
enriched flour, the flours of Fig. 1 were also assayed over the storage 
period for thiamine and riboflavin content. In Fig. 2, the thiamine 
content of the unenriched, the 12 g. ammonium persulfate treated, and 
the 1 g. nitrogen trichloride treated flours are shown. All results in 
this figure are well within experimental error. In Fig. 3, the riboflavin 
content assayed over three months’ storage period is reported on the 
same three flours and is within experimental error. 

Unenriched ammonium persulfate treated flour, nitrogen trichloride 
treated flour, and unmatured flour were baked using enrichment tablets 
in the doughs and the resulting bread assayed. The bread was air 
dried and assayed at a low moisture level but calculated to a 35% 
moisture basis. The dried bread crumbs were stored in slip-covered 
tin containers during the entire series of tests. The thiamine assay 
values are reported in Fig. 4 and the riboflavin values in Fig. 5. From 
these results, it is concluded there is no appreciable effect of the matur- 
ing materials upon thiamine and riboflavin content. 


Acknowledgments 


Acknowledgment is given to D. K. Dubois, C. A. Brockman, and H. L. Marks, 
who assisted in the experimental work reported. 


Literature Cited 
“Modern Cereal Chemistry,"’ 4th Edition, 1947, Page 


1. Kent-Jongs and Amos. 
250. 


{ 
414 Vol. 27 ‘| 
1.00 | 
| 
| 
| 
| 
| 
| 
| 
| 
| 
ay 
| 
| 
| 
i 
| 
| 
| 
| 
| 
| 
| 
| 
4 | 
| 
| 
| 
} 
, 


COMPOSITION OF THE COMPONENT PARTS 
OF THE SORGHUM KERNEL’? 


J. E. Hupparp, H. H. F. R. 


ABSTRACT 


Grain from five varieties of sorghum was separated into endosperm, 
germ, and bran, and the proportion of each was determined. The kernel 

contains about 82% endosperm, 10% germ, and 8% bran. All fractions and 

the whole grain of each variety were analyzed for ash, protein, oil, and starch ° 
with the following average results (moisture-free basis): Whole grain 1.65, | 
12.3, 3.6, 73.8%; endosperm 0.37, 12.3, 0.6, 82.5%; germ 10.36, 18.9, 28.1, ; 
13.4%; bran 2.02, 6.7, 4.9, 34.6%, respectively. The assays for niacin, 3 
panthothenic acid, riboflavin, biotin, and pyridoxine gave for the whole ; 
grain 45.3, 10.4, 1.3, 0.20, 4.7 wg./g.; endosperm 43.7, 8.7, 0.9, 0.11, 4.0 : 
ug./g-; germ 80.7, 32.2, 3.9, 0.57, 7.2 ug./g.; and bran 44.0, 10.0, 4.0, 0.35, : 
4.4 ug./g., respectively. The whole grain was analyzed for crude wax by a 
new method and was found to contain 0.32%. 


Grain sorghums have been grown extensively for many years in areas 
of the Southwest where climatic conditions make corn production uncer- 
tain. Such adaptation of sorghum makes it important as forage and 
feed in Texas, Kansas, Oklahoma, California, New Mexico, Nebraska, 
and Colorado. Development of dwarf types suitable for machine har- 
vesting and of new varieties adapted to wider areas has steadily 
increased production until in 1949 it exceeded 152 million bushels. 

While still primarily a feed crop, the large amounts of grain sor- ; 
ghums processed during the war by the distilling and milling industries ; 
demonstrated the value of the crop as an industrial material. Infor- 
mation concerning the production, composition, and use of sorghums 
has been compiled by Edwards and Curtis (7) and Hightower (8). The 
B-complex vitamin content of a number of varieties has been reported 
by Tanner, Pfeiffer, and Curtis (14). Some data on the composition 
of kafir, milo, and feterita and their component parts have been reported 
by Bidwell (3) and Bidwell, Bopst, and Bowling (4). 

The composition of the component parts of the sorghum kernel is of 
importance to industries utilizing the crop because it determines the 
z value of derivatives and by-products for feed and food uses. To supply 
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further information on this, separation and analyses were made on grain 
of several varieties of sorghums. 

Determinations were made of the amount of endosperm, germ, and 
bran, and these fractions were analyzed for ash, protein, oil, and starch, 
and five of the B-complex vitamins. Varieties selected for analysis are 
in commercial production and include Cody (waxy kafir), Pink Kafir, 
and the three yellow milos—Westland, Midland, and Martin. Four of 
the varieties selected are representative of the sorghum producing area 
of Kansas—Westland being a composite of samples from 11 counties, 
Midland a composite from 12 counties, Cody a composite from 11 coun- 
ties, and Pink Kafir from 3 counties. Martin was from a large lot of 
Texas certified seed grown near San Antonio. All samples were grown 

| in 1945. 
Methods 


As a check on the uniformity of the samples and the accuracy of the 
separations, each sample was divided into four portions of approxi- 
mately 20 g. each. Each portion was inspected and picked to include 
only sound whole kernels. Distilled water at room temperature was 
used to soak the grain sufficiently to facilitate removal of the bran and 
separation of the germ from the endosperm. Three to seven minutes 
were usually sufficient when the initial moisture content of the grain 
was 12 to 14%. Fractions were separated by hand with a scalpel, 
checked visually for completeness of separation, and air dried before 
weighing. The replications for physical proportions agreed within each 
variety within about 1% and were combined for chemical analysis. It 
was estimated initially that 5 g. of bran, the smallest fraction, would 
provide sufficient material for the determination of oil, protein, and 
vitamins, and, accordingly, only enough grain was separated to provide 
that quantity. 

Whole grain and endosperm fractions were ground for analysis in a 
special laboratory hammer mill (10) with a 1/16-inch perforated screen. 
Bran fractions were ground in a micro Wiley mill with a 20-mesh screen. 
Germ was analyzed without preliminary grinding. 

The grain and the separated fractions were analyzed for moisture, 
ash, nitrogen, oil, and starch. Methods of the Association of Official 
Agricultural Chemists (1) were used to determine moisture, ash, and 
nitrogen. Oil was determined by the A.O.A.C. method for oil in cotton- 
seed, except that the samples of germ were extracted about six hours, 
ground in a mortar, and then re-extracted overnight. Starch was deter- 
mined by the Clendenning polarimetric method (5) with uranyl acetate 
being used in place of stannic chloride as the protein precipitant. 

Crude wax was determined by a simple procedure by use of hot 
benzene as solvent. Thirty to 60 g. samples of whole grain were placed 
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on small squares of cheesecloth and the corners of the cloth gathered to 
make a bag. The sample was dipped for ten seconds into 100 ml. of 
benzene maintained near the boiling point on a steam bath, drained 
momentarily, and dipped twice more. The series of three immersions 
was repeated with a fresh portion of hot benzene. After filtration 
through fritted glass funnels, the solutions were evaporated to dryness, 
cooled, and weighed. About 85 to 90% of the easily extractable material 
was recovered in the first solution and about 10% in the second. 

On the three samples tested with a third portion of benzene, the 
amount of material recovered was less than 0.01% of the sample. 

It is evident that two series of immersions made a sharp separation 
between the easily extractable material, mostly wax, of the surface and 
outer layers and the true oil from the interior of the grain. 

After completion of the analysis for vitamins, oil, and nitrogen, com- 
posite samples of bran and of germ were made by combining all the 
remaining portions of these fractions. The results of starch and ash 
determinations on these samples do not represent the average composi- 
tion of the five varieties, since the varieties did not contribute equally 
to the composite, but are indicative of the amounts of these constituents 
present. 

Vitamin assays were made by microbiological methods. Riboflavin 
was determined by the method of Snell and Strong (12) following hy- 
drolysis of the sample in 0.1 N hydrochloric acid at 120°C. for 30 min- 
utes and filtration after neutralization to pH 6.8. Pantothenic acid 
was determined by the method of Skeggs and Wright (11). Biotin and 
pyridoxine were liberated by autoclaving at 120°C. for 30 minutes in 
the presence of 5 N sulfuric acid; biotin was determined in the neutral- 
ized filtrates by the method of Wright and Skeggs (16). The same 
filtrates were assayed for pyridoxine by the method of Atkin et al. (2). 


Discussion 


The physical analysis and composition of the whole grain and the 
fractions are given in Table I. The proportion of endosperm in the 
sorghum varieties separated ranged from 80.0 to 84.6%; the germ from 
7.8 to 12.1%; and the bran 7.3 to 9.3%. These results are remarkably 
similar to those from the 11 samples of corn reported by Earle, Curtis, 
and Hubbard (6) which ranged from 79.7 to 83.5% endosperm, 10.2 
to 14.1% germ, and 4.4 to 6.2% bran, and about 1% tip cap, and are in 
good agreement with the work of Bidwell (3) and Bidwell, Bopst, and 
Bowling (4). 

In general, sorghum grain and its fractions closely resemble corn in 
the proportions of starch, protein, oil, and ash. Protein and starch are 
about 2% higher in the whole sorghum grain than in corn. In the 
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germ, the oil content is about 6% lower and the starch 5% higher than 
in corn germ. Microscopic examination of the separated germ fraction 
showed that some of the starch, perhaps a third, resulted from incom- 
plete separation of the endosperm. Bran is likewise high in starch but, 


TABLE I 


CoMPOSITION OF SORGHUM FRACTIONS AND WHOLE GRAIN 
(MotsturE-Free Basis) 


Chemical composition Vitamin content 


Fraction and 


variety whole Panto- 
kernel | Ash | Protein) | Starch| Niacin thenic Biotin] 
ac 


% % % % Go | | 


Whole Grain 

Westland 1.67 | 13.2 |0.29| 3.5) 72.3 | 47.8| 15.5 | 1.4 | 0.22) 6.2 
Midland 1.57 | 12.0 | 3.6) 74.5| 43.9} 9.2) 1.3] .19| 4.9 
Cody 1.68 | 12.4 31} 3.2) 74.3 | 68.0 9.2) 11 18} 4.2 
Pink Kafir 1.67 | 12.3 44) 3.9) 73.0) 38.8 9.0 | 2.0 4.2 
Martin £37: 1 648 3.7) 75.1 | 28.1 9.0 38 4.0 
Average 1.65 | 12.3 |0.32| 3.6) 73.8 | 45.3 | 10.4 | 1.3 | 0.20) 4.7 


Endosperm 


Westland | 81.1 | 0.44 | 13.0 0.6) 82.2 | 42.1} 10.9} 1.1 | 0.11} 4.7 
Midland | 84.1 | .39/| 12.0 83.0) 44.6) 7.8/1.3) 10) 4.3 
Cody 84.6| 41 12.3 83.0'70.5) 95| 3.7 

Pink Kafir| 80.0| .30! 12.8 Al 83.2| 34.6) 68 13) 3.6 

Martin 81.7 | .30)} 11.2 4) 81.3/| 269] 11] 3.8 

Average | 82.3 | 0.37 | 12.3 0.6) 82.5 | 43.7| 87 0.9/0.11!| 4.0 


Germ 


Westland 9.6 19.1 27.3 105.5 | 51.1 | 3.8 | 0.53) 8.2 

Midland 8.5 19.1 30.6 69.5 | 25.9 | 4.3 | 7.6 
Cody 7.8 18.0 28.6 108.3 | 28.2 | 3.8 | .54| 7.2 
Pink Kafir| 12.1 19.2 27.1 70.5 | 27.1 | 3.4) 46) 6.7 

Martin 11.0 19.0 26.9 49.8 | 28.7 | 6.5 

Average | 9.8 |10.367| 18.9 28.1) 13.47| 80.7 | 32.2 | 3.9 | 0.57) 7.2 


Bran 


Westland 9.3 6.8 3.7 43.4 | 12.0 | 3.6 | 0.30) 4.9 
Midland 7.4 7.5 5.3 53.8; 84) 4.8) 5.1 
Cody 7.6 7.6 4.9 62.6 | 11.3 | 4.7 | .34| 4.0 
Pink Kafir| 7.9 6.4 6.0) 32.8} 88) 3.9) 42) 4.0 
Martin 7.3 $5.2 4.4 274) 9.3) 2.8) 3.9 

2.027; 6.7 4.4 


Average | 


+ Oil in bran and whole grain includes wax. 
* Analysis of composite, not true average. 


in this case, microscopic examination showed that under the tempering 
and soaking conditions used, the bran separated within the starchy 
mesocarp. Accordingly, the bran consisted of the cuticle, epidermis, 
hypoderm, and the major portion of the mesocarp. The innermost 
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fragments of the mesocarp, the nucellar layer, and aleurone remained 
with the endosperm fraction (13, 15). This is in contrast to corn, in 
which the microscope shows no starch within the bran cells. Sorghum 
bran is higher in oil (petroleum ether extract) than corn bran, but the 
extract consists mostly of wax rather than oil. The extract is semi- 
solid at room temperature and can be processed to give a hard wax (9). 


TABLE Il 


PROPORTION OF THE TOTAL OF THE INDICATED CONSTITUENT EXISTING IN 
THE SpeciFiED Fraction (CALCULATED FROM TABLE I) 


Constituents 


Fraction and 


variety Panto- ad 
Ash | Protein | Oil! | Starch | Niacin | thenic Ribo- | Biotin | 


% % % 


2 
| 


81.1 | 14.1 70.7 | 59.5 | 56.3 | 52.6 | 75.3 ; 
82.2 | 14.4 79.3 | 70.0 | 60.9 | 49.4 | 78.0 2 
84.0 | 20.6 81.9 | 72.3 | 54.2 | 57.4 | 78.5 
78.3 7.9 71.3 | 57.6 | 43.4 | 53.6 | 71.5 
78.7 91 74.6 | 64.7 | 37.6 | 506 | 75.5 

Average 20.67 | 80.9 | 13.2 | 94.47| 75.6 | 64.8 | 50.5 | 52.7 | 75.8 


Germ : 
Westland 14.1 75.9 21.0 | 33.0 | 22.9 | 30.7 15.6 i 
Midland 13.2 | 74.4 12.5 | 23.4 | 19.9 | 34.6 13.9 ; 
Cody 11.3 | 68.0 11.6 | 19.9 | 20.8 | 26.5 | 13.9 i 
Pink Kafir 17.8 | 80.5 22.0 | 35.0 | 32.5 | 29.2 | 20.5 é 
Martin 18.0 | 82.0 18.6 | 29.1 | 42.5 36.8 17.5 : 

Average 6.. 

Bran 
Westland 4.8 | 10.0 8.3 7.5 | 20.8 | 16.7 91 4 
Midland 4.6 | 11.2 8.2 | 192/159] i 
Cody 4.7 11.4 6.5 7.8 | 25.0 | 161 7.6 i 
Pink Kafir 3.9 | 116 6.7 | 741] 241 117.2 | 8.0 
Martin 3.3 8.9 6.8 6.2 | 19.9 | 12.6 7.0 3 

Average 10.8 | 4.0 | 10.6 3.8? 7.3 8.0 

1 Oil in bran includes wax. : 


? Calculated from analysis of composite sample. 


Vitamin content varies much more among varieties than does the 
proportion of major constituents. Since the analyses of Tanner, Pfeif- 
fer, and Curtis (14) show about twice the range in vitamin content 
reported here, it would seem that five samples are inadequate for a 
completely satisfactory picture. However, the general relationship 
between the composition of the fractions is probably shown satisfac- 
torily by the five samples. For example, analysis of the germ of 
numerous varieties would probably extend the range of vitamin content 
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found in the germ, but would not change the conclusion that the germ 
is the richest of the fractions and contains in general a concentration 
from two to five times as high as that of the endosperm and bran. 
Riboflavin in bran is exceptionally high, equaling that in germ. Niacin, 
pantothenic acid, and pyridoxine occur in the bran and endosperm in 
essentially the same concentration. 

Table II shows the proportion of each constituent which occurs in 
the various fractions. Five samples are probably sufficient also to give 
a satisfactory representation of this distribution. 
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CEREAL CHEMISTRY 


Cereal Chemistry 
EDITORIAL POLICY 


Cereal Chemistry publishes scientific papers dealing with raw materials, processes, or products of 
the cereal industries, with analytical procedures, techaologcal te 
thereto. Papers m bo bused described elsewhere, which 

Cereal Chemistry ference ted the Annual Meeting of the 

Association of Cas members of the Associaton When 
space permits, papers are accepted from other scientists 


for should be sent to the Editor. in in Chief. Advertising rates may be 
secured from and the Managing Editor, University Farm, St. Paul 1, 
Minnesota. Subscri Foreign postage, 50 cents extra. Single 


$2.00; foreign, $2.10. 


SUGGESTIONS TO AUTHORS 


General. From January 1, 1948, an abstract will be printed at the beginning of 
each paper instead of a summary at the end, references will be numbered to provide 
the option of citing by number only, and date of receipt, author’s connections, etc., 
will be shown in footnotes. Except on these points, authors will find the last volume 
of Cereal Chemistry a useful guide to acceptable arrangements and styling of papers. 
“On Writing Scientific Papers for Cereal Chemistry” (Trans. Am. Assoc. Cereal 
Chem. 6: 1-22. 1948) amplifies the following notes. 

Authors should submit two copies of the manuscript, typed double spaced with 
wide margins on 83 by 11 inch white paper, and all original drawings or photographs 
for figures. If possible, one set of photographs of figures should also be submitted. 
Originals can then be held to prevent damage, and the photographs can be sent to 
reviewers. 

Titles and Footnotes. Titles should be specific, but should be kept short by 
deleting unnecessary words. The title footnote shows “Manuscript received . . .” 
and the name and address of the author’s institution. Author footnotes, showing 
position and connections, are desirable although not obligatory. 

Abstract. A concise abstract of about 200 words follows title and authors. It 
should state the principal results and conclusions, and should contain, largely by 
inference, adequate information on the scope and design of the investigation. 

Literature. In general, only recent papers need be listed, and these can often be 
cited more advantageously throughout the text than in the introduction. Long % 
introductory reviews should be avoided, especially when a recent review in another : 
paper or in a monograph can be cited instead. ¢ 

References are arranged and numbered in alphabetical order of authors’ names 
and show author, title, journal, volume, first and last pages, and year. The list is 
given at the end of the paper. Reference numbers must invariably be cited in the 
text, but authors’ names and year may be cited also. Abbreviations for the names 
of journals follow the list given in Chemical Abstracts 40: I-CCIX. 1946. 

Organization. The standard organization involves main sections for abstract, 
introduction, materials, methods, results, discussion, acknowledgments, and literature 
cited. Alternately, a group of related studies, each made with different materials 
or methods, may require a separate section for each study, with subsections for mate- 
rials and methods, and for results, under each section. Center headings are used for 
main sections and italicized run-in headings for subsections, and headings should be 
restricted to these two types only. 
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Tables. Data should be arranged to facilitate the comparisons readers must 
make. Tables should be kept small by breaking up large ones if this is feasible. 
Only about eight columns of tabular matter can be printed across the page. Authors 
should omit all unessential data such as laboratory numbers, columns of data that 
show no significant variation, and any data not discussed in the text. A text refer- 
ence can frequently be substituted for columns containing only a few data. The 
number of significant figures should be minimized. Box and side heading should be 
kept short by abbreviating freely; unorthodox abbreviations may be explained in 
footnotes, but unnecessary footnotes should be avoided. Leader tables without a 
number, main heading, or ruled lines are often useful for small groups of data. 

Tables should be typed on separate pages at the end of the manuscript, and their 
position should be indicated to the printer by typing “(TABLE I)” in the appro- 
priate place between lines of the text. (Figures are treated in the same way.) 

Figures. If possible, all line drawings should be made by a competent drafts- 
man. Traditional layouts should be followed: the horizontal axis should be used for 
the independent variable; curves should be drawn heaviest, axes or frame intermedi- 
ate, and the grid lines lightest; and experimental points should be shown. Labels 
are preferable to legends. Authors should avoid identification in cut-lines to be 
printed below the figure, especially if symbols are used that cannot readily be set in 
type. 

All drawings should be made about two to three times eventual reduced size with 
India ink on white paper, tracing linen, or b/ue-lined graph paper; with any other 
color, the unsightly mass of small grid lines is reproduced in the cut. Lettering 
should be done with a guide using India ink; and letters should be yx to éth inch 
high after reduction. 

For difficult photographs, a professional should be hired or aid obtained from a 
good amateur. The subject should be lighted to show details. A bright print with 
considerable contrast reproduces best, and all prints should be made on glossy paper. 

All original figures should be submitted with one set of photographic reproduc- 
tions for reviewers, and each item should be identified by lightly writing number, 
author, and title on the back. Cut-lines (legends) should be typed on a separate 
sheet at the end of the manuscript. “Preparation of Illustrations and Tables” 
(Trans. Am. Assoc. Cereal Chem. 3: 69-104. 1945) amplifies these notes. 

Text. Clarity and conciseness are the prime essentials of a good scientific style. 
Proper grouping of related information and thoughts within paragraphs, selection 
of logical sequences for paragraphs and for sentences within paragraphs, and a skill- 
ful use of headings and topic sentences are the greatest aids to clarity. Clear phras- 
ing is simplified by writing short sentences, using direct statements and active verbs, 
and preferring the concrete to the abstract, the specific to the general, and the definite 
to the vague. Trite circumlocutions and useless modifiers are the main causes of 
verbosity ; they should be removed by repeated editing of drafts. 

Editorial Style. A.A.C.C. publications are edited in accordance with A Manual 
of Style, University of Chicago Press, and Webster's Dictionary. A few points 
which authors often treat wrongly are listed below : 

Use names, not formulas, for text references to chemical compounds. Use 
plural verbs with quantities (6.9g. were). Figures are used before unit abbreviations 
(3 ml.), and % rather than “per cent” is used following figures. All units are abbre- 
viated and followed by periods, except units of time, which are spelled out. Repeat 
the degree sign (5°-10° C.). Place 0 before the decimal point for correlation co- 
efficients (r= 0.95). Use * to mark statistics that exceed the 5% level and ** for 
those that exceed the 1% level; footnotes explaining this convention are no longer 
required. Type fractions on one line if possible, e.g., A/(B+C). Use lower case 
for farinograph, mixogram, etc., unless used with a proper name, i.e., Brabender 
Farinograph. When in doubt about a point that occurs frequently, consult the 
Style Manual or the Dictionary. 
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A DEPENDABLE temperature 
in laboratory ovens 


| For drying, embedding or any other use to which an oven or 
incubator is put in the laboratory, you can depend upon Cenco 
ovens for constant and uniform temperature. 

The Cenco Cylindrical Oven is easily set for automatic regula- 
tion at any point from approximate room temperature to 210°C. 
above the surrounding temperature. The thermoregulator is re- 
sponsive to slight changes; the heating elements surround the 
chamber to provide uniform distribution of heat. with low wattage 
requirement. 

Cenco ovens are famous for trouble-free, dependable service. 
50 years experience in the design and manufacture of constant tem- 
perature appliances are yours in Cenco ovens. 


Write for bulletin 5 describing Cenco Constant Temperature Equipment. 


CENTRAL SCIENTIFIC COMPANY 


1700 Irving Park Road, Chicago 13, Illinois BH 
NEW “YORK * BOSTON * WASHINGTON + DETROIT * SAN FRANCISCO + LOS ANGELES + TORONTO * MONTREAL 
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Of Commanding Interest 


By far the most advanced laboratory balance ever offered the chemist. 
All-metal non-magnetic case gives ruggedness and durability, longer- 
lasting sensitivity than ever before. New functional beauty... new 
ease of operation . . . new resistance to corrosion in all parts. 


Chainomatic Model AB-2—200 grams capacity, 1/20 mg sensitivity. 
(Illustrated above.) 


Write us for technically complete literature and prices on this and 
other models now available for immediate delivery. 


A. J. GRINER COMPANY 


Laboratory Apparatus—Chemicals 
1827 McGee St. Kanas City 8, Mo. 
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Why does V-90° 
l ighter Biscuit? 


“CONTROLLED LEAVENING 
ACTION” IS THE REASON! 


Only V-90 crystals are protected by a slowly soluble 
coating which delays leavening action until the 
dough is rolled, cut, and ready for the oven! Only 
slow-acting V-90 assures that fully 85% of the 
leavening gas is available in the dough, ready for 
action in the oven! Only V-90 phosphate assures 
biscuits that are one-third lighter by actual weight! 


VICTOR CHEMICAL WORKS 
141 West Jackson Bivd. . Chicago 4, Illinois 
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SHORTENINGS 
YOU CAN DEPEND UPON 


PRIMEX B&C 


An all-hydrogenated vegetable oil shortening of 
exceptional stability. Excellent for all deep fry- 
ing purposes. Preferred by biscuit and cracker 
bakers, manufacturers of prepared biscuit, pie 
crust, and doughnut flours, and makers of other 
food penton where rancidity troubles are to be 
avoided. 


SW EETEX 


The “High-Ratio” shortening. Especially de- 
signed to permit bakers to produce “High-Ratio” 

es, icings, and sweet yeast goods with superior 
eating and keeping qualities. 


| NUTEX 


An all-hydrogenated vegetable oil shortening 
combining the exceptional stability of Primex 
B&C and the “High-Ratio” properties of Sweetex. 
A top quality shortening manufactured for use 
in prepared cake, yeast raised doughnuts and 
sweet yeast dough, and icing mixes. 


PRIMEX 


The all-hydrogenated shortening “that sets the 
quality standard.” A top grade shortening espe- 
cially recommended for doughnut frying, for 
pies, cookies and bread, and for other shortening 


purposes. 


PROCTER & GAMBLE 


Branches and warehouses in principal cities 


General Offices . . . CINCINNATI, OHIO 
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Whatever The Use... PYREX Brand 
Condensers Give You Long, Efficient Service 


West Type Plain Condenser (2700) 


West Type § Joint Condenser (2720) 


West Type Water-Cooled Drip Tip 
F Joint Condenser (2740) 


West Type Drip Tip T Joint and Outer 
F Joint (2800) 


West Type Water-Cooled Drip Tip 
F Joint and Water-Cooled Outer 
F Joint (2820) 


For either distillation or reflux operation, 
for beginning student or exacting re- 
searcher, there is a PYREX brand con- 
denser to fit the purpose. They are avail- 
able in Liebig, West, Allihn, Graham, 
Friederichs, and Hopkins designs, with 
or without ground joint connections. 
PYREX brand condensers are de- 
signed for efficiency and long service. For 
example, the West all-glass type have 
heavy walled jackets for strength but the 


CORNING GLASS WORKS 


Technical Products Division: 


protected condenser tube is thin-walled 
for faster heat transfer. A minimum of 
space between tubes increases velocity of 
water for greater efficiency. Tubulations 
are solidly attached to enlarged bulbs for 
greater shock resistance. The all-glass 
construction prevents leakage. 

PYREX brand condensers combine 
the properties of mechanical strength, 
thermal resistance and chernical stability. 

Stocked by leading laboratory dealers. 


CORNING, N. Y. 
Corning meank i Gadd 


Laboratory Glassware, Glass Pipe, Plant Equipment, Lightingware, 
Signalware, Gauge Glasses, Optical Glass, Glass Components 
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NOW...GREATER STABILITY 
THIAMINE FLOUR WITH 


EREAL chemists have welcomed with 
enthusiasm the introduction of Thi- 
amine Mononitrate, now available in the 
full line of Merck Vitamin Mixtures for 
Flour Enrichment. 
Thiamine Mononitrate is a more stable 
form of thiamine, assures a more com- Thiamine Menonitrate 
plete retention of vitamin By; content in —& WO CHANGE IM LABELING REQUIRED 
enriched flour—even under adverse con- Thiamine Mononitrate meets 
ditions of temperature and humidity dards of 
during shipping and storage. Identity for enriched flour. No 
participated in the thorough investiga- w 
tion of Thiamine Mononitrate in en- y min Mixtures. 
riched flour. Since then, extensive com- 
mercial experience and rigorous field 
tests have confirmed that Thiamine 
Mononitrate represents a signal im- 
provement in flour enrichment; that it 
offers a degree of protection hitherto 
not available. 


MERCK & CO., Inc. 
—— | IN CANADA: MERCK & CO. Limited 
RAHWAY, N. J. Toronto + Volleyfield 
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MERCK ENRICHMENT MIXTURES 
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Service When It Counts 


Every so often, we all need assistance and 
need it badly, to furnish the answers to many of our 


problems. In the Flour and Cereal Industry, N-A‘s 
Flour Service Division has been supplying practical, 
down-to-earth solutions to many of the industry's 
problems for over 25 years. Using its broad back- 
ground of experience in the manufacture of 
time-tested products for maturing, bleaching, and 
enriching, the N-A Flour Service Division is ready 
to put its nation-wide service organization and 
extensive laboratory and research facilities at your 
service. They will work closely with your own staff 
and consultants to produce a concrete, individual 
solution to fit your particular needs. 

For more details, call your nearest N-A 
Representative today and find out how this 
service can work profitably for you. 


WALLACE & TIERNAN COMPANY, INC., AGENTS FOR 
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